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CHAPTER I. INTRODUCTION 
In recent years, several trends have joined to focus 
interest on the fact that individual workers may have char­
acteristics that will affect their safety and health while 
performing their jobs. Historically, the first trend was the 
concern of psychologists with individual differences in all 
aspects of human behavior. The fact that people differ in 
how well they do a task, how long they take to do it, and in 
the methods they choose, is a fundamental psychological con­
cept. From this building block developed the practice of 
using tests for selection and placement of employees on the 
job. Correlations could be established between test per­
formance and certain aspects of job performance, thus 
assisting in the prediction of work capability. Industry 
saw this as a means of reducing turnover, training costs, 
production error and so forth. Consequently, personnel 
testing in industrial settings has grown tremendously over 
the years. 
Accompanying the growing awareness by business and in­
dustry of how measures of individual differences could be 
used profitably, was an increasing concern about worker 
safety. Although great strides in reducing hazards had been 
made by engineering and technology, many accidents still 
occurred. Some workers consistently had more accidents than 
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their fellow workers. It seemed reasonable to assume that if 
there were individual differences between workers on other 
physiological and behavioral measures it might be entirely 
possible that there existed individual differences in the 
propensity to have accidents. Research had been conducted 
since the 1920's and earlier to determine whether there were 
such individual differences and what they might be. Many hy­
potheses had been tested, but the trend had proceeded general­
ly from trying to profile a permanently accident-prone type, 
to noting specific conditions of the workplace and the worker 
which might interact to increase the probability of an acci­
dent at a given time. Such conditions might be temporary or 
permanent, 
After the World War II, there developed the study of 
human factors engineering, a science which integrates knowl­
edge of individual differences and engineering design to 
produce equipment and systems which can be operated safely 
and efficiently by the people assigned to them. Such effort 
requires a knowledge of the limits within which people's 
sensory and motor capabilities operate. 
Between March 1940 and April 1945, the number of women 
in the labor force in the United States rose from 13,783,000 
to 19,290,000. This increase in the employment of women 
during the years of World War II was unparalleled in indus­
trial history. Not only were more women working as wage 
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earners, but many were doing jobs previously filled by men. 
Women now account for 18 percent of America's blue-collar 
workers, the labor department reported March 1976. 
The government's figures show that at the end of 1975, 
women held about 18 percent or 5.5 million Of the 28.2 
million blue-collar jobs. This represents an increase from 
14.9 percent in 1960, when 3.6 million women and 20.5 million 
men worked in blue-collar occupations. 
While the increase has not been dramatic, laws against 
sex discrimination in hiring and promotion practices are 
having a positive impact. 
The Labor Department, which recognizes 415 occupations 
as apprenticeable, reported that 160 or 40 percent had female 
apprentices in 1975, double the number in 1974. However, 
the total number of women in registered programs was only 
3,700, or about one percent of the 400,000 registered ap­
prentices . 
Among jobs women, are being trained for are aircraft 
and auto mechanics, butchers, cabinetmakers, cement masons, 
machinists, pipefitters, plasterers, plumbers, roofers, 
structural steelworkers and toolmakers. 
These are in the apprenticeable trades. In addition, 
the government also reported that state employment service 
offices in 1975 placed an estimated 15,000 women in other 
blue-collar jobs such as truck and bus driving, welding and 
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metal fabricating, landscaping and equipment operating. 
Certainly, there are not enough women in all blue-
collar occupations to permit anyone to say that sex discrimi­
nation is a thing of the past, but there is no question 
that opportunities for women are broadening in all fields, 
professional as well as blue-collar. 
Although there was a post-war decrease in the labor 
force of females, the number never dropped to pre-war sta­
tistics and the percentage of women joining the female labor 
force population was also higher after than before the war. 
The increasing number of women in the labor force is attribu­
ted to a number of factors. 
1. Women outnumbered men in the 1970 Census of the 
United States by about four million, which is 
double the 1960 figure. Even though there are more 
male than female births, males have a higher mor­
tality rate. There is also a larger total of 
female immigration. 
2. There is an increasing demand for labor as the 
industrial structure of employment has shifted 
progressively from agriculture to goods-producing 
activities and more recently to service-type 
activities. In 1970 there were about 35% fewer 
farm workers and machine operators were up 21% and 
service workers had increased 14% compared to 1960 
figures. 
3. Partly as a result of this shift in occupations, 
there has been a trend toward urban living. Three 
times as many people in the United States lived 
in urban areas as lived in rural areas in the 1970 
Census. 
4. Aspirations for a higher standard of living and 
a higher level of education have created a desire 
for employment outside of the home. Widespread use 
of labor saving equipment in the home has given 
women the time to seek such employment. 
5. Rapidly expanding clerical, service, and sales 
occupations have provided increased job opportuni­
ties for women. 
6. Over the years there has been an evolution in social 
attitudes and values have changed so as to encourage 
women to develop their abilities and talents to the 
fullest in paid work. 
Many restrictions applicable to women workers were in 
part founded on social customs. The restriction on night 
work, for example, was probably not a function of empirical 
data on the inability of women to adapt to a shift in time 
of work, but on consideration of women's traditional "house­
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hold" duties and concern for their safety in transit late at 
night. 
What is the implication for interpreting any data on the 
occupational health and safety of women? Clearly women have 
been placed in a protected situation. Even when working on a 
job that is ostensibly the same as one filled by male em­
ployees, it is most likely that there are subtle differences. 
Some of these are imposed by law, such as the number of hours 
the woman can work at the job. Other differences are intro­
duced by the manner in which women are treated on the job. 
Difficult jobs or jobs requiring activities which do not fit 
the stereotype of the female will be assigned to male 
workers. Of course, the laws and other work restrictions 
frequently operate to prevent any females from filling 
certain jobs (underground mining is an example) in an 
industry. Hence, industry figures are virtually meaningless 
when they attempt to compare the sickness or accident rates 
of male and female workers in the industry as a whole. 
Restrictions and laws have also operated to prevent 
females from accumulating a background of industrial experi­
ence. Thus, for mais and female workers in the same job, the 
male workers probably have had greater experience in the 
plant or the industry. Women working on stamping presses 
had eight times as many accidents as men on their first day 
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on the job, but after a month the sexes had the same rates 
(Vernon, 1945). 
In interpreting any past studies of the relation of 
sex to accidents on the job, one should remember the data 
are affected by the formal set of laws and regulations which 
restricted the exposure of females to hazards and to practices 
which might indirectly affect accident rates. In planning 
future studies, one should keep in mind the changing situa­
tion of the female employee who will be getting into pos­
sibly hazardous jobs with greater frequency and about whom 
attitudes are changing which could affect the manner in which 
job assignments are made within a plant or department. 
The Task Force on Labor Standards report to the Citizens 
Advisory Council on the Status of Women (1968) made several 
recommendations pertinent to laws restricting women in em­
ployment. They recommended: 
a. That the laws regarding lunch periods, rest periods 
and physical facilities be reviewed by the states, 
and that assuming that they are still useful, they 
be incorporated into a safety and health program 
applicable to both sexes; 
b. That weight lifting laws be repealed, and that 
relative safety and health regulations be inacted 
applicable to men and women; 
c. That night work restrictions be removed for adult 
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workers, and that police protection, transportation, 
and meal facilities for workers be supplied for those 
men and women employed at night. 
If and when such changes occur, they will affect any 
retrospective comparison of future research results with 
those obtained in the past years. 
While women are moving in greater numbers into what once 
were considered "men only" jobs, attention of those concerned 
with such matters focused on the various social, psychological, 
and economic effects of this movement. Attention was also 
directed to their safety and health on the job. 
Problem of the Study 
The major problem of this study was to investigate the 
differences between male and female industrial workers in 
performing tasks with reasonable safety, specifically, to 
determine the necessary force required of both male and 
female workers to perform common types of manual tasks so 
that injuries and accidents could be reduced. 
Purpose of the Study 
The purpose of this study was four-fold: 
1. To identify some common manual tasks performed in 
industry. 
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2. To determine the values of the force capability of 
the selected populations of male and female to per­
form the tasks. 
3. To compare the values obtained for both male and 
female populations. 
4. To optimize the populations/task compatibility. 
Need for the Study 
The manual handling of materials is the principal source 
(23%) of compensable work injuries according to the report 
in the Accident Facts, 1973 edition of the National Safety 
Council, Chicago, Illinois. Accidents contribute to injuries 
such as lower back pain, fractures, lacerations; abdominal 
hernias, etc. These injuries often occur because of a mis­
match between the individual and the job. The manual handling 
task often requires more strength and endurance than the indi­
vidual can exert without excessive stress. 
Low-back pain has become a major medical concern of many 
industries. This concern is well-warranted based on the fol­
lowing statistics. Of 194 diagnostic groups classified by 
the Commission on Professional and Hospital Activities, dis-
cogenic problems ranked as the 11th reason for days spent in 
the hospital for the total U.S. and was ranked as the number 
one reason in 13 western states. Nachemson estimates that 70 
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to 80% of the world's population suffers from disabling low-
back pain at some time in their lives. Furthermore, a 
majority of these episodes occur during the working ages of 
20 to 55, with the first episodes most often reported between 
the ages of 20 to 40. It also appears that the incidence 
rate over the last 30 years may be increasing compared to 
the rates of other compensable injuries. 
Exact estimates of the severity of the problem are diffi­
cult to acquire. Estimates of lost working days due to low-
back pain are, 30 million days per year in Great Britain, 
two million days per year in Sweden, and one-half million 
days in the State of Washington each year. Rowe reported 
that it is second only to upper respiratory problems on a 
basis for lost time in one large industry. It is also well-
recognized that the length of incapacitation is much greater 
(three to four times according to Magora and Taustein) for 
one person engaged in heavy labor. 
A recent longitudinal study by Chaffin and Park (1973) 
disclosed that by following the weekly medical status of over 
500 people working on jobs with various amounts of required 
manual weight lifting,- a greater incidence rate (by over 
8:1) was found in those workers employed on those jobs re­
quiring high lifting strength than those in jobs requiring 
little or no lifting. This type of study simply emphasizes 
the consequences to a person's health when subjected to 
11 
repeated lifting stress. When one combines these low-back 
pain statistics with the incidence of contusions, abrasions, 
herniations, and amputations associated with manual material 
handling in general, one would agree with a survey by 
the Arthur D. Little Company which ranked manual material 
handling activities as the most hazardous acts in industry. 
It may be possible to reduce the incidence and severity of 
low-back problems by more careful selection of people for 
those jobs requiring manual materials handling. 
Brown (1972) considers the most important factor in 
low-back pain to be physical condition of those bending. 
There are several studies of the low-back pain/physical fitr 
ness relationship. 
1. Magora (1970) found low-back pain in younger persons 
related to jobs which required either prolonged sit­
ting or hard physical work. This is cited to sup­
port the hypothesis that one may suffer from too 
much or too little physical activity. 
2. Feffer (1971) attributed increases in low-back pain 
to one's lack of exercise. 
3. Krauss (1965) supported Feffer in the relationship 
between lack of physical activity and low-back 
pain. 
4. Magora (1970) found the lowest incidence of low-back 
pain in a highly physical fitness-oriented occu­
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pational group. 
5. Guthrie (1963) also found a negative relationship 
between low-back pain and a highly active life 
style. 
6. Magora and Taustein (1969) found increased low-
back pain among those who had restricted spinal 
movements. 
7. Rowe (1969) also, suggested an exercise program to 
combat low-back pain. 
Other causes of weight lifting accidents noted by Brown 
include: 
a. General causes; reduction of the working space, 
inadequate dietary intake, inadequate or incorrect 
lighting, inadequate ventilation. 
b. Personal causes; The accident-proneness of the 
individual, numerous psychological disturbances 
which may arise out of situations in the home and 
in the workshop. 
A host of scientists have explored the effects of heat 
on man, concluding that intense heat has a deleterious ef­
fect on man's performance and may be injurious both physical­
ly and mentally. Some persons may become acclimatized to 
heat or cold, although many physical conditions may affect 
the outcome of the process. 
Gafafer (1944) also noted an increase in lassitude, 
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irritability, and anxiety with hot environments as well as 
a decrease in morale and ability to concentrate. 
Surry (1968) noted an increase in accident with varia­
tions in temperature. Acclimatization occurs in four to 
seven days in actively working individuals, although the 
acclimatization is quite slow among the inactive. 
Wyndham (1969) described experiments in acclimatization 
at South African gold mining operations. The author found 
that the level of production depends on the quality of super­
vision at low temperatures (below 30°C) . At higher tempera­
tures (above 33.3°C), productivity was governed by the heat 
load, with quality of supervision a less important factor. 
"Good" and "inefficient" managers were measured in terms of 
production record and reputation, although no mention was 
made in the abstract of how the supervisors achieved their 
production quotas or reputations= 
A study of the literature indicates the need for the accli­
matization process to take place within the hot environment. 
Strydom and Williams (1969) found that physical training 
in cool environments is not an adequate substitution for 
heat acclimatization. 
Wyndham (1969) in evaluating the burdens of mining op­
erations on workers in normal and hot environments found that 
the average energy expenditure is related to the intensity of 
muscular effort, but not to the temperature at the job site 
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Definition of Terms 
In order to clarify the meanings of various terminology 
used in this study, the following definitions are given: 
Fatigue 
Handling 
Manual Task 
- A physical and/or mental weariness 
real or imaginary, existing in a 
person, adversely affecting the 
ability to perform work. 
- The act of moving parts or materials 
to or from an operation or work area. 
- A task performed by hand and not 
under the control of machine or 
process speed. 
Maximum Working 
Area 
Motion Cycle 
That portion of the working area that 
is easily accessible to the hands of 
an operator when in his or her 
normal working position and with his 
or her trunk erect and stationary. 
The complete sequence of motions and 
activities required to do one unit 
of work or to perform an operation 
once. 
Personnel 
Testing 
SRP 
Static Work 
The process of measuring the mental 
and/or physical abilities or lia-, 
bilities of prospective employees or 
current employees. 
Seat reference point is the junction 
of seat pan and backrest planes in 
the symmetry plane of the seat. 
Work performed by the hands or arms 
where no significant motion occurs 
(e.g., holding). 
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Strength - Strength describes the ability to 
exert force or torque to a given 
instrument (or control) at a given 
location, in a given direction. 
Strength depends not only on the 
muscular capability, but also on 
health and training, technique and 
experience, motivation and body 
position. 
Work Task - A specific quantity of work, set of 
duties or responsibilities, or job 
function assigned to one or more 
persons. 
Delimitations 
The scope of this investigation was confined to the 
study of those common manual handling tasks which are in­
volved with lifting, carrying, lowering, pushing, pulling, 
walking, or the combination of two or more of these activi­
ties. 
The investigation permitted an examination of the forces 
and workload expended by workers in performing manual hand­
ling tasks with reasonable safety under normal operational 
conditions. The values of these forces and workload were 
determined by the actual performance of the activities in­
volved and the evaluation technique used was based on that 
of Earling Asmussen, Klaus Klausen, Sv. Molbech and Ellen 
Poulsen (see Appendix B). The normal pulse rate under 
normal, continuous working conditions was established to be 
110 beats/min for this study. The study was confined to 
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those industrial workers with the range of physical charac­
teristics as listed in Tables 3, 4 and 5. 
Hypothesis of the Study 
Most studies of human capacities in healthy subjects 
found in literature have been carried out on men in industry. 
Based upon these studies and the information gathered, the 
tools and machines which we now use in industries, vocational-
technical or trade schools are designed to properly fit the 
male frame. It is important, however, to have comparative 
force capability studies from a series of healthy women. 
Comparative values should be available from the healthy 
subjects, and ideally any values to be compared with these 
should be obtained by the same mode of procedure. 
Human-oriented design starts by considering specific 
capacities of the operator and improves, boosts or modifies 
these characteristics through special devices. This method 
was in effect during the natural development of most hand 
tools. It is fascinating to speculate what could be achieved 
if the engineer would start systematically with the operator, 
enhance his characteristics and only then evaluate what the 
strengthened operator is able to do. 
In control layout, the force/torque requirements must be 
carefully adapted to the operator's strength available under 
operational conditions. Operator's strength is critical in 
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setting either a minimum value for control manipulation, so 
that even weak operators can actuate the control, or in 
setting a maximum value, preventing the system from being 
inadvertently actuated, or damaged. Between the minimum and 
the maximum requirements is a grey area excluding (or in­
cluding) certain portions of the user population. Therefore, 
Hypothesis; There is no significant difference between 
male and female industrial workers in the 
amount of force which can be expended when 
common manual tasks are performed in industry. 
Statistical = y u = mean for male 
Hypothesis: industrial worker 
H, : y, y. = mean for female 
industrial worker 
a = 0.05 
Assumptions of the Study 
1. The six basic manual handling tasks in industry 
consist of lifting, pushing, pulling, carrying, 
lowering and walking or a combination of two or 
more of the above basic tasks. 
2. The influence of height, weight, experience, and 
age differences in comparison study between the 
sexes, the subjects (both men and women)were chosen 
so that height, weight, experience and age varia­
tions both within the groups and between the male 
and female groups were as small as possible. 
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3. No signs or symptoms of any disease, illness 
or handicap among the subject selected. 
4. The subjects in the study represented thé true popu­
lation sample of workers in industries. 
5. The conditions under which the test was con­
ducted (temperature, humidity) were constant and 
normal for the above industrial manual handling 
tasks activities. 
6. Statistical treatment of data was appropriate and 
adequate. 
7. 110 beats/min .was assumed to be the maximum heart 
rate allowable in keeping with good labor management. 
This rate was chosen in agreement with the same 
value that Brouha (1960) recommended as the maximum 
for continuous work capacity for normal workers. Any 
value exceeding the above rate was assumed in this 
study to be excessive for industrial workers. 
Luongo (1964) claims that prolonged effort at 120 
beats/min may fatigue the circulatory system. 
Limitations of the Study 
The amount (and direction) of strength measured depends 
not only on the subject's physiological (especially muscular) 
capacity, but also on the testing devices used and on body 
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posture and body support of the subject. The subject's 
familiarity with test equipment and procedures, the skill in 
generating strength, and the training status of the sub­
ject' s muscles can affect the outcome of the test. Motiva­
tional factors such as those listed in Table 1 are some of 
the categories of motivational factors and their probable 
effects of the magnitude of strength attributed to the 
subject. 
Subjective interpretation and statistical treatment 
of the experimental data have been shown to be a possible 
source of variations in strength scores. A discussion of 
methodological details has been pursued in literature 
(Ayoub and McDaniel, 1971; Kroemer, 1970a,b). 
Table 1. Variable likely to affect motivation and hence 
strength measurements 
Variable affecting the subject Likely effect on 
^ ruuscuxar srrengtn 
1. Instruction on how to exert + 
2. Arousal of ego involvement, aspiration •!• 
3. Setting of goals, incentive + (-) 
4. Competition, contest + (-) 
5. Verbal encouragement + {-) 
6. Fear of injuries 
7. Spectators ? 
8. Deception ? 
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CHAPTER II. LITERATURE REVIEW 
This chapter includes three areas which are directly 
related to this study: (1) designing human operated con­
trols for specific strength available within the user popu­
lation, (2) the types of strength required for control 
operations and, (3) strength in relation to control within 
the total reach envelope. 
Designing for Specific Strength 
of Population 
The ability to exert muscular strength characterizes an 
individual as well as a population. Information on strength 
is important to the designers who design a new manual-operated 
system or evaluate existing equipment. Simple machinery, 
and of course hand tools, generally pose rather high demands 
on the strength of the user. However, even sophisticated 
manned systems are controlled by hand- or foot-operated con­
trols. Some of these controls require very little energy in­
put, but many tax the operator's strength thoroughly. Criti­
cal controls, especially for emergency operations, are often 
laid out for application of large force or torque. For nor­
mal operation, the Human Factors engineer selects an "optimal" 
value within the continuum of strength of the perspective 
user populations. 
Type of the control selected, its arrangement, mode of 
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operation, and the control dynamics to be implemented depend, 
to a large degree, on body dimensions, handedness, motion 
stereotype, and especially on muscular capabilities of the 
user population. These characteristics can vary significant­
ly with sex, age, profession, cultural and civilizatory 
status, and area of origin (nationality) of the population. 
Several studies of female strength and endurance have 
been reported in the literature. Asmussen and Heeboll-
Nielsen found that the isometric muscle strength of women 
is 58 to 55% of the muscular strength of men, Nordgren, 56 to 
74%, Troup and Chapman, 64% and Chaffin, 55%. Nordgren ob­
served that the sex differences in muscle strength were more 
pronounced in the upper extremities than in the lower ex­
tremities. Two of the studies noted that the sex differences 
in muscle strength are greater than the sex differences in 
body size. MacNab et al. (1969) found that female subjects had 
significantly smaller (P < .01) work capacities (both maximal 
and submaximal) than male subjects, even when the results 
were expressed according to body weight and fat free body 
weight. 
Henschel et al. (1967) reviewed literature on obesity as an 
occupational hazard and found some evidence to support the 
illness, accident/obesity relationship. He found that "the 
higher morbidity and mortality experience of obese people 
points to it as a major health problem". Situations in 
which "obesity may alter the intensity of the response to 
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an occupational hazard include: 
1.. physiological strain in performance of hard 
physical work; 
2. respiratory strain and disorders associated with 
hard physical work; 
3. accident associated with equipment operations and 
other duties". 
Henshel's observations were as follows: 
Physical work: Heat has an effect on the work of the 
obese worker in that the energy cost is higher and endurance 
lower on a job than those of normal weight. 
Respiratory strain: There is data to show increased 
respiratory distress among the obese. 
Accidents : Machinery and equipment are engineered to be 
used by the man of average size and pose special problems 
for the corpulent. Henschel stated that the obese person's 
decreased agility makes him or her more susceptible to an 
on-the-job accident. 
Henschel concluded by noting that obesity is a signifi­
cant occupational hazard. 
Although Shephard et al. (1969) found that motivation and 
willpower played a role in the heat tolerance of lean and 
obese women, an increased heat strain was generally observed 
among both. His subjects included nine female university 
students. Obesity was said to exist if body fat comprised 
more than 23% of total body weight. One measure of increased 
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stress in heat, namely heart rate, is shown to steadily in­
crease with environmental temperature for all the exercising 
subjects, although the rate is consistently higher for the 
obese individuals. 
Many occupations have not only weight but also height 
restrictions. Professions such as military service, police 
work, flight stewardship, and athletics have weight and height 
requirements. Although no data seem readily available, some 
of the occupations have little, if any, justifications for 
their restrictions. 
Powell et al. (1971) found that in the dispatch depart­
ment, those who were 5'9" or less had significantly higher 
accident rates than those who were taller. In the mill, 
although the results were insignificant, a slight trend was 
found for shorter people to have fewer accidents. The higher 
rate for the shorter employees of the dispatch department 
was attributed to difficulty in handling equipment. If work 
space and tools are designed for the norm, then those who 
vary from it are more likely to suffer a decrease in effi= 
ciency in their jobs and possibly injury. 
Hale and Hale (1971) concluded that "... physical 
dimensions are likely to play a part in some accidents because 
tools and machinery place definite limits on the sort of 
person who can operate them successfully and safely." 
Every tool, device, equipment or manual control has its 
very own purpose(s), and must be designed to fulfill specific 
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requirements. With respect to operator strength requirements, 
tools have to be grasped and manipulated, equipment has to 
be pushed or pulled or lifted, controls must be operated 
in prescribed ways, must be rotated, pressed and moved within 
given workspace to achieve the specific purpose. 
In practice, the capabilities of the operator and the 
requirements posed by the task must be matched to each other 
in the first stage of the design process; Such careful 
adaptation has become increasingly necessary with increasing 
complexity of manual-operated systems such as automobiles, shop 
machines, machine tools, and with growing reluctance of the 
worker to tolerate inadequate working conditions. 
Types of Strengths Required for 
Control Operations 
Different "strengths" are required from the operator if he 
or she has to rotate or twist, to squeeze or press, or to push 
or pull fore or aft, left or right, up or down. Also, the 
type of control operation often interacts with control loca­
tion and environmental conditions in determining magnitude, 
manner and direction of human strength exertion. 
Static forces and torques applied by sitting or standing 
subjects depend decidedly on the body position during 
exertion. In many cases, force or torque capability is not 
limited by the muscular capacity but by the reaction force 
generated by body weight, body support, and body posture. 
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A given spatial control-body arrangement may be rather in­
efficient in certain strength exertions but very suitable 
for another strength generation. 
Rohmert (1966) together with Jenik (1971) provided in­
formation on hand torques exertable in attempted rotation 
of the arm about its long axis in the elbow or shoulder joint. 
These pronatory and supinatory torques were found not to be 
directly related to the magnitude of linear forces, also 
measured on the same subjects. Thordsen, Kroemer and Laubach 
(1972) assessed forces exertable to measuring devices located 
in typical aircraft control locations. They recorded not 
only the amount of force exerted in the requested direction, 
but also the forces applied, involuntarily and at the same 
time, in a plane perpendicular to the required direction. 
Figures 1 through 4 list the experimental results for one of 
the control locations ("Overhead" at 25.5 cm (10.03936 inches) 
left and 120 cm (47.244 inches) above seat reference point 
(SRP), i.e., the junction of seat pan and backrest planes in 
the symmetry plane of the seat). In this control position, 
a very large difference between strength scores was observed. 
While the mean backward force barely exceeds 80 Newton 
(Figure 2), the upward efforts averaged almost ten-fold this 
amount (Figure 4). When the subjects tried to exert their 
maximal strength either forward (Figure 1), backward (Figure 
2) or to the right (Figure 3), they actually applied larger 
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OVERHEAD CONTROL: FORWARD FORCE 
THE SUMMARY STATISTICS 
Newton» 
144.4 
6.5 
46.5 
4.6 
Mean 
SE (Mean) 
SD 
SE (SD) 
Coef. of Var. (%) 
Symmetry-Veta I 
Kxirtosis-Veta II 
Number of Subj. 51 
THE PERCENTILES 
Pouttds 
32.5 
1.5 
10.5 
1.0 
32.2 
0.9 
4.1 
Newtons Pounds 
293.2 99th 65.9 
230.4 95th 51.8 
170.1 75 th 38.2 
139.4 50th 31.3 
113.0 25th 25.4 
78.7 5th 17.7 
57.6 • 1st 12.9 
The handle assembly is located 10 inches left of SPR, 47.3 inches above 
SRP, and 0.0 inches forward of SEP. The handle is oriented in the horizontal 
frontal plane and the subject grasps it from the back. The subject is in­
structed to exert a force in a horizontal plane in the forward direction. 
FORCE COMPONENT* RECORDED ORTHOGONALLY 
TO THE REQt'gSTED DlMCnON 
ih 
r 1 s
g 
lb 
Ssmpie 
Sise 
IT 324 25.! 12L0 28 
IKJWN 204) 17.2 GgjD 22 
Figure 1. Overhead control: forward exertion requested 
(from Thordsen, Kroemer and Laubach, 1972) 
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OVERHEAD CONTROL: BACKWARD FORCE 
THE SUMMARY STATISTICS 
Newtons Pounds 
2.9 SE (Mean) 0.7 
20.9 SD 4.7 
2.1 SE (SD) 0.5 
Coef. of Var. (%) 25.3 
Symmetry-Veta I 0.9 
Kurtosis -Veta II 4.2 
Number of Subj. 51 
THE ; PERCENTILES 
Newtons Pounds 
146.2 99th 32.9 
120.2 95th 27.0 
92.6 75th 20.8 
79.3 50th 17.8 
69.0 25th 15.5 
54.5 5th 12.2 
39.7 1st 8.9 , 
The handle assembly is located 10 inches left of SRP, 47.3 inches 
above SRP, and 0.0 inches forward of SRP. The handle is oriented in 
the horizontal frontal plane and the subject grasps it from the back. 
The subject is instructed to exert a force in a horizontal plane in 
the backward direction. 
FORCE (DMPONENTS RECORDED 0®T!«0G«>NALLY 
TO HÎE REQUESTED DSgECTSON 
SU 
-r~ — ""1 
Maslmum Sample 
ih th Ih Size. 
XJP IS xja 10 
DOWN 21.7 »K.» 1 i :*9 
Figure 2. Overhead control; backward exertion requested 
(from Thordsen, Kroemer and Laubach, 1972) 
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OVERHEAD CONTROL: RIGHT FORCE 
THE SUMMARY STATISTICS 
Newtons Pounds 
112.2 Mean 25.2 
4.6 SE (Mean) 1.0 
32.6 SD 7.3 
3.2 SE (SD) 0.7 
Coef. of Var. (%) 29.1 
Symmetry-Veta I 0.2 
Kurtosis-Veta II 3.0 
'Number of Subj. 51 
THE PERCENTILES 
Newtons Pounds 
190.1 99th 42.8 
172.9 95th 38.9 
133.3 75th 29.5 
108.6 50th 24.4 
89.8 25th 20.2 
64.7 5th 14.6 
33.9 1st 7.6 
The handle assembly is located 10 inches left of SRP, 47.3 inches 
above SRP, and 0.0 inches forward of SRP. The handle is oriented in 
he horizontal sagittal plane and the subject grasps it from the left. 
The subject is instructed to exert a force in a horizontal plane in 
the right direction. 
nmCE (DWONENTW MMWIDBD ORTNOCONALLY 
# THE DmsmoN 
Ih 
SSP 
Ih 
«ârj'wpw 
tb 
SsRspîe 
Site 
UP 11.4 8.2 26.0 10 
m 38 
Figure 3. Overhead control; exertion to the right requested 
(from Thordsen, Kroemer and Laubach, 1972) 
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(:(>NTr*CML: IJMP FORCE 
THE SUMMARY STATISTICS 
Newtons Pounds 
780.9 Mean 175.5 
33,7 SE (Mean) 7.5 
240.6 SD 54.1 
23.8 SE (SD) 5.4 
Coef. of Var. (%) 30.8 
Symmetry-Veta I 0.7 
Kurtosis-Veta II 3.2 
Number of Subj. 51 
THE PERCENTILES 
Newtons Pounds 
1399.1 99th 314.4 
1255.5 95th 282.1 
923.6 75th 207.6 
733.2 50th 164.8 
610.3 25th 137.1 
479.4 5th 107.7 
282.8 1st 63.6 
The handle assembly is located 10 inches left of SRP, 47.3 inches 
above SRP, and 0.0 inches forward of SRP. The handle is oriented in 
the horizontal frontal plane and the subject grasps it from the back. 
The subject is instructed to exert a force in a vertical plane in 
the up direction. 
FORC E rOMPONENTS RECORDBD ORTHOGONAÎ.LY 
TO THE REQUESTED DIRECTION 
M«in 
Ih 
sn 
Ih 
Mafiiiiwrn 
Ih 
Sample. 
She 
FORWARD 16,0 77.0 60 
BACKWARD 21.0 — 21,0 1 
Figure 4. Overhead control: upward exertion requested 
(from Thordsen, Kroemer and Laubach, 1972) 
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average forces orthogonally to these directions. 
Both studies indicate that the type of control operation 
required must be carefully selected by the designer in order 
to match it to the strength exertable by the operator under 
the given conditions. The same control location may be 
extremely advantageous for torque exertion in a certain 
direction, but not suitable for certain linear force appli­
cations. Another aspect is that while a control is intended 
to be activated in a given way, the worker may actually 
operate it differently (even damage it) because he or she is 
involuntarily applying superior strength in another direc­
tion. 
Recent research (Kroemer 1973) provided some quantita­
tive information on the effects of increased gravitation on 
the strength available in several directions at controls in 
a number of different locations. Figures 5 through 8 illus­
trate some results. At +5g, for example, the subjects' (n=7) 
ability to exert force to a control, located in front of the 
shoulder and grasped with the arm almost extended, was af­
fected as follows: backward strength (Figure 5) was not 
changed significantly (two-tailed test, P < 0.05). Forward 
force capability (Figure 6) was diminished by the environ­
ment. Upward force capability (Figure 7) decreased dramatical­
ly from 100% at +lg to about 50% at +3g and fell to nil at 
5g, In contrast, downward force (Figure 8) increased about 
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150 
10# 
50 
â 
PANEL G8NTRBL Backward 
Figure 5. Panel control; backward force at Ig (before), 
3g, 5g, and Ig (after the trials) 
X AVEBASE 
STMNSTN AÏ 1g(h) 
Uih) S| 1i(a) 
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SISfiSIH AI 
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Figure 6. Panel control: forward force at Ig (before), 
5g, and Ig (after the trials) 
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PANEL 
Figure 7. Panel control: upward force at Ig (before) 
5g and Ig Cafter the trials) 
34 
200 
% AVERAGE 
STRENGTH AT 
10# 
Figure 8. Panel control; downward force at Ig (before) , 
3g, 5g, and Ig (after the trials) 
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linearly with increasing g level. 
These data emphasize that in selecting certain types 
(directions) of control operation, the designer must also 
consider environmental effects which may change the human 
strength capability drastically. 
There is also a case for a rather unexplored phenomenon. 
Certain control action/equipment response habit patterns 
exist consistently in certain populations. Automobile 
drivers, for example, expect the vehicle to move to the right 
if they turn the steering wheel clockwise. Some such natural­
ly expected relationships between control action and system 
response existing without special training or instructions, 
called population stereotypes, are listed in Table 2. 
Table 2 lists standardized stereotypes relating four 
control actions with 5 equipment responses as established 
in the U.S.A., in Great Britain, and in Germany (adapted 
from Morgan, Cook, Chapanis, and Lund, 1953; and From 
Kroemer, 1967, using ISO (International Organization for 
Standardization)' Industrial Standards. 
It is remarkable that almost all stereotypes listed are 
found in each of the three countries. However, the "Control 
Up-Equipment Start" relationship does not apply in Great 
Britain, but is accepted in the U.S.A, and in Germany. The 
other exception is the "Control Clockwise-Equipment Up" 
relationship, which is not established in both Anglo-Saxon 
3 G 
Table 2, Stereotypes for control action-equipment responses 
in the U.S.A., in Great Britain, and in Germany 
(Morgan, Cook, Chapanis, and Lund, 1963; Kroemer, 
1967) 
Control 
Action 
Expected Equipment Response 
Up To the Forward Clock- Start/on/ 
right wise more 
Up USA Not^ USA Not USA X USA 
X GB Not GB Not GB Not GB 
X G Not G Not G X G 
To the Not USA X USA Not USA 7 X USA 
Right 
Not GB X GB Not GB X GB 
Not G X G Not G X G 
Forward ? Not USA X USA Not USA X USA 
Not GB X GB Not GB X GB 
Not G X G Not G X G 
Clockwise Not USA ? ? X USA X USA 
Not GB X GB X GB 
X G X G X G 
^Established stereotypes recommended. 
^Not - not established, not recommended. 
- questionable or conditional. 
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countries, but is accepted and recommended in Germany. 
The above case of action/equipment response habit 
shows that even between populations so closely related 
historically and culturally, definite differences in stereo­
typical patterns exist, which should be taken into account 
in the design of equipment to be used in each of the coun­
tries. Much more diversity must be expected in the stereo­
types of less closely related countries, however, reliable 
information is not available. It is open to speculation 
how many false operations of equipment imported from another 
country, may occur daily and how many false accidents may be 
attributable to mismatches of operator stereotypes and 
operational requirements. However, even within one highly 
developed nation spectacular examples of mismatches occur as 
described below. 
Aviation Week and Space Technology reported 
(20 February 1967, p. 16) that a prototype 
Flll-A crashed when trying to land with the 
wing sweep control worked in a direction 
opposite to the wing motion. For later 
models, the handle linkage was changed to 
move in accordance with the motion of the 
wings. 
Handedness , lateral preference, dexterity, laterality, 
dominance are terms connoting types and degrees of a subject's 
ability to perform common tasks better with either the left 
or the right hand (or foot) than with the other. However, 
the preference depends on the task to be performed. 
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Different body segments may be used for, say, a finely con­
trolled sensimotoric task, or for the exertion of brute 
strength (Barnsley and Rabinovitch, 1970; Palmer, 1967 
discussed this in detail ) . Using mainly questionnaires, 
Annett (1970), distinguished several patterns of preferences, 
but they were neither discrete nor restricted to certain 
categories of tasks, but overlapped several categories. 
Kimura and Vanderwolf (1970, p. 769) summarized the 
state of the art as follows: 
. . . surprisingly little is known either about the 
nature of the motor skills in these (customarily 
executed) acts, or about the nature of the motor 
dominance described as hand preference. 
If indeed nature, definition, and assesment of laterality 
are still being debated, then this may explain why only such 
scant information on differences between various populations 
is available. At present, a rule of thumb is that less than 
10 percent of any large national population are left-handed. 
With respect to muscular strength, the evaluation of 
dexterity is relatively simple. The task of exerting a 
force to a measuring device is rather easily understood by 
most any subject, and he can usually determine (if necessary 
by trial) with which hand or foot he prefers to exert the 
force. If laterality is not ad hoc determined, it can be 
assessed comparing scores achieved with either hand sepa­
rately. (This approach satisfies the desire to measure 
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performance instead of stating preferences in order to 
determine laterality). Measures of grip strengths are ex­
ceptionally simple, since one just has to squeeze a grip 
(Hunsicker and Donelly, 1955; Garrett et al., 1966; 
Schmidt and Toews, 1970) . Hence, assessment of grip strength 
could serve to determine one type of strength handedness in 
international surveys. 
The operator's ability to exert pressure, force, torque, 
under all operational or emergency conditions, in combination 
with his stereotypical and laterality patterns, provides truly 
critical factors for the designer. Of these, muscular capa­
bilities are structurally the same for all populations al­
though they may be at different levels of magnitude according 
to training and health. However, stereotypical response and 
dexterity patterns may be fundamentally different between 
populations, and may be rather difficult to change. Also, 
complicated interactions must be expected between the stereo­
types, conditioned reflexes, handedness, muscular training 
and customary control operations of which we know (in a non-
scientific way) mostly from personal experiences or anecdoti-
cal hearsay. The following case is a typical example of such 
information; 
A visitor from the U.S.A. rented an automobile in Japan. 
While driving in heavy traffic, requiring frequent 
gear shifting with the left hand, he found his left arm 
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getting sore from the unusual exercise. Fatigued and 
unconsciously trying to avoid further strain, the 
visitor did not shift down in slowing traffic and 
stalled the engine when trying to accelerate rapidly 
in order not to be hit by another car. A serious 
accident resulted. 
At present, no other choice is left to the designer of 
tools and equipment than to follow patterns established with­
in certain industries or populations. In most countries, 
automobiles consistently have the gear shift on the right 
(but, as consistently, in some countries on the left). Single-
seater airplanes usually have the throttle on the left. 
Sewing machines are commonly built the "Wrongway", i.e., so 
designed that the left-handed person can operate them best. 
"Leaving it the way it was" perpetuates accepted designs and 
styles, and causes new products to conform to established 
procedures. It may help to develop uniform strength patterns. 
Strength in Relation to Control Location 
Within the Total Reach Envelope 
Locating a control adequately within the operator's reach 
envelope is one of the most critical features in design for 
human operation. The workspace available for shirtsleeves 
control operation has been described by Faulkner and Day 
(1970) and by Kennedy (1964) . Encumbering equipment, or 
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g-stresses can severely reduce the usable space. Overcrowding 
by too many controls can become a serious problem (Kennedy, 
1972). 
Figures 9 through 13 (from Kroemer, 1969b, 1971b) , serve 
several purposes. They indicate how human strength applica­
tions depend on the spatial relations between control and 
operator, and how the body support available to the subject 
affects the amount of force or torque he can develop. They 
also indicate a solution for the problem how to design for 
populations with different strengths. Figure 9 demonstrates 
that maximum leg strength can be applied to a fixed pedal 
if it is located at about seat height and so far forward 
that the leg must be almost fully extended to reach it with 
the foot. Other arrangements of the pedal within the reach 
envelope of the leg reduce the force capacity. 
Although differences in strength exist between individuals, 
no differences in skeletal or muscular structure prevails 
between different populations. Hence, the relationships be­
tween force or torque and relative location of the measuring 
device should not change appreciably between populations. 
The generality of bioraechanical principles must hold as long 
as the relations between body dimensions, mechanical advan­
tages, pull angles etc., are the same. It has been shown that 
while the absolute forces exerted by men and women vary 
characteristically, the relationships between location, body 
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Figure 9. Leg strength depending on pedal height 
Figure 10. Variables describing body posture and body support 
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Figure 11. Leg strength depending on backrest height 
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Figure 12. Leg strength depending on knee angle 
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Figure 13. Foot strength depending on pedal angle 
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position, and exerted strength are similar for both sexes. 
Figure 10 depicts body angles and body support features 
necessary to describe biomechanical relationships during 
exertion of leg and foot strength. Figures 11, 12 and 13, 
using these descriptors, show the effects of changes in bio­
mechanical variables on leg and foot strength. Similarly, 
Figure 14 schematically illustrates the torques exertable at 
different elbow angles. The magnitudes of elbow torques re­
ported by several researchers vary considerably, the nu­
merical differences probably reflect variations in experi­
mental techniques and test conditions. However, the trend 
of strength, changing with, the elbow angle is uniform. 
The following case reports further illustrate the inter­
actions between operator strength available at the control, 
and control location. 
Locating a pedal 100 cm directly in front of seat 
reference point (SRP) allows approximately 95% of 
the male Central European population to operate 
this pedal with ease. However, for shorter legged 
populations (as many Asian populations, or European 
females) this distance is distinctly too large. For 
male Koreans, for example, this pedal location re­
quires approximately 50% of all operators to slide 
forward on the seat, consequently losing the firm 
support from the backrest, which in turn reduces 
their capability for strong leg thrusts on the pedal 
(anthropometric data from Garrett and Kennedy, 1971) . 
Figure 15 illustrates this condition. While the taller 
person exerts about the largest possible force at a level 
angle of approximately 160° (see Figure 12), the shorter 
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Figure 14, Elbow torque depending on elbow angle 
m 
vd 
Figure 15. Body positions of a long and a short legged operator 
applying force to a pedal 100 cm in front of SRP 
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operator attempting to reach the pedal has to move away 
from the seat below the lumbar region. Consequently, he re­
ceives supporting reaction force from the backrest at thorax 
height only which, according to Figure 11, reduces his leg 
strength exertable at the pedal by at least 25%. 
In an aircraft, an important emergency control was 
located 55 cm above, 28 cm to the right and 70 cm 
in front of SRP. These dimensions were chosen by 
the designer (about 25 years ago) so that the 
"average pilot" could reach the control, with the 
elbow at an angle of approximately 120°, and 
activate it by applying an upward force of at 
least 300 Newton. During a test flight with a 
very small pilot at the controls, an emergency 
arose. Pulled back into the seat by the automatic 
safety harness, the pilot could hardly bring his 
hand to the emergency handle, which was at the 
periphery of his reach. With increased g-accelera-
tion pulling his extended arm down, the pilot could 
not develop the muscular strength necessary to acti­
vate the emergency control. (Only exceptionally 
lucky circumstances prevented a serious accident.) 
Control location and force requirements have been 
changed since to avoid such incidences. 
Figure 16 illustrates this case. While the tall pijlot 
reaches the control comfortably, the small operator can hardly 
reach to the handle. Furthermore, while the taller operator, 
with an elbow angle of about 120°, can exert a rather large 
force (F) at the control (about 90% of his maximal strength, 
see Figure 14), the small operator has to exert (F) with the 
arm extended, which reduces his strength capability to 50% 
or less of his maximum. 
Heavy American industrial machine tools have been 
delivered to India and are operated there by Indian 
personnel. Essential controls are arranged on the 
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Figure 16. Arm posture of a tall and a small pilot while 
applying an upward force to a control located 70 
cm in front and 55 cm above SRP 
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machines to be within reach of American workers. 
Indian operators, however, being generally of 
smaller size, have to stand on make-shift plat­
forms or boxes to be able to reach some of these 
controls. Under this disadvantageous biomechanical 
condition, the Indian operators strain themselves 
much more than their American counterparts when 
applying the necessary forces and torques in working 
the controls. 
Figure 17 illustrates the conditions when the smaller 
worker has to operate a control located to be at eye height 
for a 50th percentile U.S. male. Reaching up with the arms 
almost extended reduces force capability and endurance, in­
creases energy expenditure, and hence brings about un­
necessary strain and fatigue (Astrand and Rodahl, 1970; 
Lehmann, 1961; Scherrer, 1967). Elevating the standing 
surface by the distance D (about equivalent to the difference 
in eye height) facilitates operation of the high control, 
but also removes low controls from easy reach. 
In each of the three cases cited, controls requiring 
muscular strength were located to suit a taller user popula­
tion, and consequently were outside the normal reach of 
operators from smaller sized populations. Of course, the 
reverse also happens. Foot-operated controls in some auto­
mobiles designed for small-sized populations have been found 
to be too close to the seat, and spaced too close together, 
for drivers with longer legs and larger feet. 
The solution for such design problems is to locate 
controls according to selected ranges of joint angles and 
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Figure 17. Body posture of a small operator using heavy 
industrial machinery designed for taller 
operators 
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lengths of body segments of user populations, instead of 
positioning controls at certain linear distances from 
reference points. When designing for ranges of body angles 
and segment lengths, operator strength available for control 
activation will vary relatively little between different 
populations since the biomechanical relationships (joint 
angles, lever arms, mechanical advantages, direction of g-
stresses, etc.) remain similar. Figure 9 and Figures 11 
through 14 illustrate how, by designing for body positions, 
the strength available at the control can be kept at the 
maximum. 
Summary of Literature 
Review 
An analysis of the literature relating various measures 
of physical work capacity to safety and health revealed 
generally that the overall physical state, height, weight, 
physical fitness, acclimitization to the work environment, 
and biomechanical conditions affected one's ability to 
perform safely in industry. 
CHAPTER III. METHODS OF THE STUDY 
The study was conducted during the spring quarter, 1978 
at Iowa State University and students enrolled in I.E. 477 
(human factors in engineering) cooperated in carrying out 
the study. 
Sample for the Study 
The sample in this study comprised of 25 male and 25 
female industrial workers, representing a cross section of 
the worker population as shown in Tables 3 and 4. The 
subjects were all volunteers working in various companies 
in Ames. Among the companies represented in the study were 
the General Filter, the Sunstrand, the 3M, H. L. Munn 
Lumber Company, Donnelly and Bournes. The companies from 
where the subjects were selected require considerable amounts 
of manual handling tasks (lifting, lowering, pushing, pulling, 
carrying, walking and a combination of one or more of the 
indicated tasks) in their daily operations. 
Twenty of the male and twenty of the female subjects 
selected were part-time students in addition to their 8 
hour full-time jobs and five male and five female age 
range 30-35, who were former students at Iowa State Uni­
versity also participated. The selection of the subjects 
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Table 3 Selection of male subjects 
Group 
Number 
Number of 
Subject 
Selected 
Age 
Range 
(years) 
Height Weight 
Range Range 
(cm) (kg) 
Experience 
on the job 
(years) 
1 10 20-25 180-185 70-75 1-2 
2 10 25^30 185-190 75-80 3-5 
3 5 30^35 185-190 80-85 6-10 
Table 4 Selection of female subjects 
Group 
Number 
Number of 
Subject 
Selected 
Age 
Range 
(years) 
Height Weight 
Range Range 
(cm) (kg) 
Experience 
on the job 
(years) 
1 10 20-25 170-175 55-60 1-2 
2 10 25^-30 175-180 55-60 3-5 
3 5 34-35 175-180 55-60 6-10 
as shown in Tables 3 and 4 is based upon the information 
obtained from the previous research on "Isometric muscle 
strength of adult men and women" by Earling Asmussên and 
K. Heeboll-Nielsen (see Appendix A). Other physical 
characteristics of the subjects selected appeared as 
shown in Table 5. All subjects selected were within one 
standard error as shown on page 112. 
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Apparatus 
The following apparatus were used to conduct the 
experiment. 
1. A remote pulse recording system - this equipment 
is designed for use when a subject is required to 
carry out controlled exercises during a relatively 
long recording period. Continuous recording is 
possible for a maximum of 100 minutes. 
Standard range of pulse rates is 60-200 pulses per 
minute (ppm). 
The complete system consists of two units apparatus: 
a. Portable unit - photoelectric transducer'; • 
pulse amplifier,;-.high frequency transmitter. 
b. Recorder unit - high frequency receiver, pulse 
amplifier", pulse integrating device, rate 
recordsr. 
2. Industrial tote/boxes, 13-1/2 x 19 x 5-1/2 inches 
with two 7 X 1-5/8 inch handles. 
3. A timer 
4. A portable scale balance 
5. Automatic lifting and lowering device called 
hydraulic lift tables or AC-T lift table - this 
table is used for rapid cycling or jogging and the 
speed can be controlled. It is equipped with 
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230/460 volt 3 phase, 60 hz, with magnetic starter, 
control transformer and push button switch. It is 
key-operated up-down selector switch, up down-
push button station with key lockout. The unit 
can be moved in a collapsed position with two 
fixed floor rollers. 
6. A treadmill. 
Procedure 
All testing was completed under conditions that were 
carefully controlled as possible. Subjects were tested at 
the same relative time of day. All the administrators of 
the tests were carefully trained before the start of the 
experiment. Subjects were thoroughly familiarized with 
the equipment, tests, and test administrators before the 
initial test. Subjects were advised to refrain from 
drinking, smoking, or engaging in abnormal or strenuous 
exercise for a period of 1-5 hr before testing. When the 
subjects arrived at the gymnasium, they were asked to sit 
and relax for 10 minutes. No subject was on any type of 
medication during testing periods. All subjects wore 
standardized clothing consisting of cotton shorts, cotton 
T-shirt or blouse, socks and rubber soled shoes. All 
measurements were taken and recorded as indicated in Table 5. 
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Table 5. Physical characteristics of subjects 
Male Female 
Mean + S.D. Mean + S.D. 
Age, yr = 27.43 4.6 27.67 4.5 
Height (stature), cm(l"=2.54 cm) 175.0 4.1 165.2 3.8 
Weight, kg (lb=i0.454 kg) 75.3 4.5 55.2 4.4 
Knuckle height, cm 76.1 4.0 70.1 3.4 
Functional reach height, cm 196.5 4.0 70.1 3.4 
Elbow-wrist length, cm 26.5 1.5 23.6 1.2 
Chest circumference, cm 99.1 4.2 80.1 4.4 
Waist circumference, cm 89.7 4.4 78.4 3.6 
Grip strength-right (kg) 53.0 5.8 36.2 3.3 
Grip strength-left (kg) 50.9 5.4 30.7 3.6 
Elbow-elbow breadth, cm 49.2 2.1 43.2 4.1 
Shoulder-elbow length, cm 38.1 2.3 34.5 1.9 
Knee-knee breadth, cm 20.4 1.4 20.6 2.8 
Buttock-knee length, cm 60.1 2.4 58.4 3.1 
Wrist breadth, cm 6.0 0.3 5.2 0.2 
Hand breadth, cm 9.1 0.4 7.9 0.3 
Hand length, cm 19.0 0.8 17.6 0.6 
Wrist circumference, cm 17.8 0.5 16.0 1.2 
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The six basic manual handling tasks, lifting, lowering, 
pushing, pulling, carrying and walking or the combination 
of two or more of the basic tasks are common in industry. 
In this experiment, the six tasks were varied according to 
height, distance and rate of work. Table 6 summarizes the 
independent task variables. The lifting, lowering, pushing 
and pulling height approximates handle heights of the sub­
jects who participated in the experiment. Carrying heights 
represent both straight-arm and bent arm methods of carrying. 
There were no long distances for the pulling task, since it 
was assumed that objects transported over longer distances 
are usually pushed not pulled. 
The dependent variable was force for all the tasks ex­
cept walking. For lifting, lowering and carrying tasks, 
force was adjusted by varying the weight of the object being 
handled. For pushing and pulling tasks, force was adjusted 
by varying the resistance against which the force was ap­
plied. Force could not be used as the dependent variable 
in the walking task because no object was handled nor force 
applied by the subjects. Therefore, the rate was the 
dependent variable for the walking task on the treadmill. 
Pulse rate was also a dependent variable. Each sub­
ject was required to wear two small surface electrodes and a 
small FM transmitter which continuously sent electrocardio­
graphic (EKG) signals to cardiotachometer. Data were 
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Table 6. Independent task variables 
Task Height Distance Rate (seconds/cycle) 
Lifting: Floor level to 
knuckle height 
20 inches 
(vertical) 
14, 16 & 60 
Knuckle height to 
shoulder height 
20 inches 
(vertical) 
9, 11 & 60 
Shoulder height to 
arm reach 
20 inches 
(vertical) 
10, 13 & 60 
Lowering: Arm reach to 
shoulder height 
20 inches 
(vertical) 
6, 9 & 60 
Shoulder height to 
knuckle height 
20 inches 
(vertical) 
6, 9 & 60 
Knuckle height to 
floor level 
20 inches 
(vertical) 
8, 14 & 60 
Pushing: Midway between 
knackle & elbow hgt. 
7 ft. 12, 24 & 60 
Midway between 
knuckle & elbow hgt. 
25 ft. 22, 44 & 60 
Midway between 
knuckle & elbow hgt. 
50 ft. 35, 60 & 100 
Midway between 
knuckle & elbow hgt. 
100 ft. 70, 100 & 120 
Pulling; Midway between 
knuckle & elbow hgt. 
7 ft. 12, 24 & 60 
Carrying : Knuckle height 7 ft. 6, 12 & 60 
Knuckle height 14 ft o 10, 16 & 60 
Knuckle height 28 ft. 18, 24 & 60 
Elbow height 7 ft. 6, 12 & 60 
Elbow height 14 ft. 10, 16 & 60 
Elbow height 28 ft. 18, 24 & 60 
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automatically recorded by printing counters. 
During lifting, lowering and carrying tasks, subjects 
were required to handle an industrial tote box, 13-1/2 x 19 x 
5-1/2 inches with two 7 x 1-5/8 inch handles. The weight 
of the forces provided varied from 10 lb to 75 lb. The order 
of variation was 10 lb, 15 lb, 20 lb, 25 lb, 30 lb, 35 lb, 
40 lb, 45 lb, 50 lb, 55 lb, 60 lb, 65 lb, 70 Mb and 75 lbs. 
The weight of the boxes could be decreased or increased by 
adding or subtracting sand bags in the boxes. The hydraulic 
tables were used to automatically lower the tote box after 
each lift or to raise the box after each lowering task. 
Pushing, pulling and walking tasks were done on the tread­
mill. During the walking task the treadmill was electrically 
powered with the subject controlling the speed. During the 
pushing and pulling tasks, the treadmill was manually 
powered by the subject as the subject pushed and pulled 
against the stationary bar on the treadmill. Strain gauges 
on the stationary bars measured the horizontal force and 
acceleration of push or pull. 
One training session was held to allow subjects to 
condition to the six types of tasks in the gymnasium. This 
was followed by about fifteen to sixteen test sessions in 
which all the subjects performed all the required tasks. The 
order of testing was randomized. 
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Subjects were first given the maximum amount of weight 
to handle. For those subjects who could not handle the 
given weight, the next lower amount of weight was given, 
and those subjects who found the new amount of weight to be 
too big to handle, the next lower weight was given, in that 
order until the right amount of weight was assigned. 
Three subjects performed simultaneously. One subject 
performed either a lifting or a lowering task on the hydraulic 
tables. Another subject performed pushing, pulling, or 
walking on the treadmill. A third subject performed a 
carrying task. Each task was performed for 15 minutes in 
the Iowa State University gymnasium. Data were recorded 
for each subject as provided for in the performance form 
(see Appendix C). 
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CHAPTER IV. RESULTS AND DISCUSSION 
Tables 7 through 18 show the results of the six manual 
handling tasks performed by both the male and female sub­
jects. As already indicated in Chapter II, the limiting 
factors for an individual in the performance of manual 
handling tasks are one's physiology^ biomechanical condi­
tions and work environments which exist during the tasks 
performance. A subject's anatomy, as represented by strength 
and physique, limits the amount of weight that can be handled 
at infrequent intervals. Therefore, the weights and forces 
which the subjects selected to handle during the slowest 
rates of work represent the maximum values that should be 
handled at any time. A subject's physiology however, limits 
endurance during a repetitious task. Therefore, physiological 
fatigue was a limiting factor during the fastest rates of 
work, hence the subjects were forced to select lighter weights 
and forces in order to perform the tasks in compliance with 
the instructions (see Appendix D). The weights and forces 
from the fastest tasks were multiplied by distance and rate, 
thereby converting them into a measure of workload (ft., 
Ib/min). 
The maximum acceptable weights and workloads are listed 
for each task. The statistical analysis, the mean, the mode, 
the standard error, standard deviation and median, frequency 
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Table 7. Maximum weights (lbs) acceptable to the selected 
percentages of the male and female populations 
while lifting a 19 x 13-1/2 x 5-1/2 in. tote box 
90% 75% 50% 25% 10% 
Shoulder height Male 30 40 55 60 65 
to 
arm reach Female 23 25 30 35 37 
Knuckle height Male 35 45 56 61 66 
to 
shoulder height Female 25 30 33 36 40 
Floor level Male 36 45 54 59 64 
to 
knuckle height Female 27 31 35 40 42 
Table 8. Maximum work loads (ft.lb./min) acceptable to 
the selected percentages of the male and female 
populations while lifting a 19 x 13-1/2 x 5-1/2 
in. tote box 
90% 75% 50% 25% 10% 
Shoulder height Male 180 259 346 434 513 
to 
arm reach Female 192 213 235 257 278 
Knuckle height Male 294 358 429 501 561 
to 
shoulder height Female 254 284 316 348 377 
Floor level Male 182 235 295 354 407 
to 
knuckle height Female 170 202 236 271 303 
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Table 9. Maximum weights (lbs.) acceptable to the selected 
percentages of male and female populations while 
lowering a 19 x 13-1/2 x 5-1/2 in. tote box 
90% 75% 50% 25% 10% 
Arm reach Male 30 35 45 55 60 
to 
shoulder height Female 25 28 31 34 37 
Shoulder height Male 40 46 56 63 65 
to 
knuckle height Female 27 32 35 40 44 
Knuckle height Male 38 48 58 66 69 
to 
floor level Female 30 32 35 38 40 
Table 10. Maximum work loads (ft.lb./min) acceptable to the 
selected percentages of male and female populations 
while lowering a 19 x 13-1/2 x 5-1/2 in. tote box 
90% 75% 50% 25% 10% 
Arm reach Male 277 379 493 606 702 
to 
shoulder height Female 310 360 413 466 516 
Shoulder height Male 429 540 665 789 899 
to 
knuckle height Female 405 484 557 631 700 
Knuckle height Male 307 415 535 654 762 
to 
floor level Female 298 344 394 442 488 
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Table 11. Maximum initial forces (lbs.) acceptable to the 
selected percentages of male and female populations 
while pushing and pulling against a bar set midway 
between knuckle height and elbow height 
90% 75% 50% 25% 10% 
Push; Male 62 71 82 95 102 
Female 45 51 62 70 75 
Pull; Male 59 67 75 82 90 
Female 45 53 61 70 78 
Table 12. Maximum sustained forces (lbs.) acceptable to the 
selected percentages of male and female populations 
while pushing and pulling against a bar midway 
between knuckle height and elbow height 
90% 75% 50% 25% 10% 
7 ft. pull Male 33 41 49 57 65 
Female 30 36 46 50 55 
7 ft. push Male 30 38 51 60 68 
Female 26 35 45 52 54 
25 ft . push Male 28 35 42 48 55 
Female 24 32 36 41 45 
50 ft . push Male 27 30 36 40 46 
Female 22 26 31 34 38 
100 ft. push Male 25 29 35 36 40 
Female 20 24 26 29 32 
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Table 13. Maximum work loads (ft.lb./min) acceptable to the 
selected percentages of male and female popula­
tions while pushing and pulling against a bar 
set midway between knuckle height and elbow height 
90% 75% 50% 25% 10% 
7 ft. pull Male 1564 1806 2075 2344 2586 
Female 1526 1793 2076 2358 2625 
7 ft. push Male 1607 1938 2307 2674 3005 
Female 1713 1874 2046 2217 2378 
25 ft. push Male 2082 2459 2876 3293 3669 
Female 1868 2077 2298 2519 2728 
50 ft. push Male 2343 2775 3253 3731 4162 
Female 2224 2422 2631 2840 3038 
100 ft. push Male 2240 2709 3229 3749 4217 
Female 2256 2482 2721 2960 3186 
Table 14. Maximum weight (lbs.) acceptable to the selected 
percentages of male and female populations while 
carrying a 19 x 13-1/2 x 5=1/2 in. tots box at 
knuckle height (straight-arm carry) 
90% 75% 50% 25% 10% 
7 ft. carry Male 50 60 65 67 70 
Female 28 30 32 38 40 
14 ft. carry Male 45 59 63 65 69 
Female 28 30 32 36 40 
28 ft. carry Male 45 54 60 64 68 
Female 33 38 42 45 50 
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Table 15. Maximum work loads (ft./lb./min) acceptable to 
the selected percentages Of male and female popu­
lations while carrying a 19 x 13-1/2 x 5-1/2 in. 
tote box at knuckle height (straight-arm carry) 
90% 75% 50% 25% 10% 
7 ft. carry Male 1470 1956 2156 2695 3181 
Female 1062 1359 1573 1888 2184 
14 ft. carry Male 1766 2385 3071 3757 4376 
Female 1536 1904 2297 2691 3062 
28 ft. carry Male 2893 3303 3738 4172 4582 
Female 2286 2696 3131 3565 3975 
Table 16. Maximum weights (lbs.) acceptable to the selected 
percentages of male and female populations while 
carrying a 19 x 13-1/2 x 5-1/2 in. tote box at 
elbow height (bent-arm carry) 
90% 75% 50% 25% 10% 
7 ft. carry Male 35 40 51 55 60 
Female 21 24 27 30 33 
14 ft. carry Male 32 38 50 55 53 
Female 20 23 27 30 33 
28 ft. carry Male 30 35 45 53 58 
Female 20 22 26 30 32 
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Table 17. Maximum work loads (ft.lb./min) acceptable to the 
selected percentages of male and female populations 
while carrying a 19 x 13-1/2 x 5-1/2 in. tote box 
at elbow height (bent-arm carry) 
90% 75% 50% 25% 10% 
7 ft. carry Male 1419 1811 2045 2479 2871 
Female 1372 1657 1758 2059 2344 
14 ft. carry Male 1709 2234 2816 3398 3923 
Female 1552 1963 2399 2834 3245 
28 ft. carry Male 1878 2325 2820 3315 3762 
Female 1941 2210 2494 2778 3047 
Table 18. Maximum rate of walk 
selected percentages 
lations 
(mph) acceptable to 
of male and female 
the 
popu-
90% 75% 50% 25% 10% 
Male 2.20 2.40 2.90 3.30 3.40 
Female 2.35 2.65 2,95 3.41 3.59 
distribution as obtained from the computer output (see 
Appendix E) for each task were used to find the weights and 
workloads acceptable to 10%, 25%, 50%, 75% and 90% of the 
selected populations. The data are listed for two popula­
tions, the male workers (sex 1) and the female workers 
(sex 2). 
Two different forces were recorded during pushing and 
pulling tasks. Table 11 shows the initial forces required 
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to overcome the force of inertia (the tendency of matter to 
remain at rest if at rest, or, if moving, to keep moving in 
the same direction, unless affected by some outside force). 
Initial force is a function of the amount of acceleration to 
overcome the horizontal force by the subject, and is always 
greater than the force required to keep an object in motion, 
that is, the sustained force shown in Table 12. 
Population Percentages 
Strength and endurance vary greatly among individuals 
and since there is no one maximum weight or workload that 
applies to everyone, hence, the best way to evaluate manual 
handling tasks is in terms of the percentage of the popula­
tion that can be expected to perform the task. To put this 
another way, some people are stronger than others and what 
is considered maximum for one is not maximum for another. 
The higher the population percentage is for a given task, 
the lower is the risk of injury. The same is true, if the 
percentage is low for a given task, the higher the risk for 
the task. The purpose of Tables 7 through 18 is to provide 
population percentage information for the evaluation of 
manual handling tasks. 
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Analysis of Data 
In order to provide better guidance for job designer, 
and to reflect the fact that abilities vary within each 
group, the data in Tables 7 through 19 is shown in five 
columns, by percentage of the selected populations. 
For example, one can see from Table 19 under task variable 
2(a) that 90% of the female subjects can handle more work­
load in the high lifting task, than 90% of the males. But 
75% of the male subjects can handle more than 75% of the 
female, as can 50%, 25% and 10% respectively. It can be 
seen that in all cases, there is an exceptional minority of 
female subjects (10%) who can lift heavier weights than can 
be lifted by 90% of the male population. Furthermore, the 
female performance did not vary so much. This can be seen 
in the frequency distribution tables (see Appendix E). 
Therefore the differences between the two groups are less 
for weights and workloads acceptable to 90% of the popula­
tions than those for 50% of the populations. In other words, 
exceptional male outperformed, average male to a greater 
extent than exceptional female outperformed average female. 
Differences between the two groups also showed up more 
strongly in some tasks than others. Examples are in lifting 
and lowering tasks (see Table 19). Task variables 1 and 2 
where the differences between the two groups are very high 
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Table 19. Comparing male and female performance in six manual tasks based 
upon the selected percentages of male and female populations __ 
Task Variable 
Worker 
Max. Weight 
in lb (W) 
Percent 
Workload in 
ft-lb per min (t,^ 
Percent 
90 75 50 25 10 90 75 50 25 10 
2 .  
Lifting; 
(a) 
(b) 
(c) 
Lowering: 
(a) 
(b) 
(c) 
3. Pushing : 
(a) 
Floor level to M 
knuckle height F-
(low lift) 
Knuckle height to M 
shoulder height F 
(center lift) 
Shoulder height 
to arm reach 
(high lift) 
Arm reach to 
shoulder height 
(high lower) 
Shoulder height 
to knuckle height 
(center lower) 
Knuckle height 
to floor level 
(low lower) 
Midway between 
knuckle & elbow 
hgt. 7 ft 
182 
170 
235 
202 
36 45 54 59 64 
27 31 35 40 42 
35 45 56 61 66 
25 30 33 36 40 
30 40 55 60 65 
23 25 30 35 37 192 213 
295 
236 
354 
271 
407 
303 
294 358 429 501 561 
254 284 316 348 377 
180^ 259 
30 35 45 55 60 
25 28 31 34 37 
40 46 56 63 65 
27 32 35 40 44 
38 48 58 66 69 
30 32 35 38 40 
277^ 379 
310 360 
429 
405 
307 
298 
540 
484 
415 
344 
346 
235 
493 
413 
665 
557 
535 
394 
434 
257 
606 
466 
789 
631 
654 
442 
513 
278 
702 
516 
899 
700 
762 
488 
30 38 51 60 68 1607 1938 2307 2674 3005 
26 35 45 52 54 1713 1874 2046 2217 2378 
Midway between 
(b) knuckle & elbow 
hgt. 25 ft. 
M 28 35 42 48 55 2082 2459 2876 3293 3669 
F 24 32 36 41 45 1868 2077 2298 2519 2728 
Midway between 
(c) knuckle & elbow 
hgt. 50 ft. 
M 27 30 36 40 46 2343 2775 3253 3731 4162 
F 22 26 31 34 38 2224 2422 2631 2840 3038 
Midway between 
(d) knuckle & elbow 
hgt. 100 ft. 
M 25 29 35 36 40 2240 2709 3229 3749 4217 
F 20 24 26 29 32 2256 2482 2721 2960 3186 
4= Pulling; Midway between 
(a) knuckle & elbow 
hgt. 7 ft. 
M 33 41 49 57 65 1564 1806 2075 2344~2586~ 
F 30 36 46 50 55 1526 1793 2076 2358 2625 
Population percentages reflect amount of weight, force or workload 
found acceptable to that percentage of the group involved under normal 
operational conditions. 
^Where women approach male capability, or exceed it, is in workload 
tests where endurance counts, and in tasks involving, largely, muscles 
of lower extremities. 
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Table 19 (Continued) 
Task Worker 
Max. Weight 
in lb 
Percent 
Workload in 
ft-lb per min 
Percent 
90 75 50 25 10 90 75' 50 25 10 
Carrying: Knuckle height M 50 60 65 67 70 1470 1956 2156 2695 3181 
(a) 7 ft. F 28 30 32 38 40 1062 1359 1573 1888 2184 
Knuckle height M 45 59 63 65 69 1766 2385 3071 3757 4376 
(b) 14 ft. F 28 30 32 36 40 1536 1904 2297 2691 3062 
Knuckle height M 45 54 60 64 68 2893 3303 3738 4172 4582 
(c) 28 ft. F 33 38 42 45 50 2286 2696 3131 3565 3975 
Elbow height M 35 40 51 55 60 1419 1811 2045 2479 2871 
(d) 7 ft. F 21 24 27 30 33 1372 1657 1758 2059 2344 
Elbow height M 32 38 50 55 59 1709 2234 2816 3398 3923 
(e) 14 ft. F 20 23 27 30 33 1552 1963 2399 2834 3245 
Elbow height M 30 35 45 53 58 1878^2325 2820 3315 3762 
(f) 28 ft. F 20 22 26 30 32 1941 2210 2494 2778 3047 
Walking: Variable 
90 75 50 25 10 • 
h K h 
M.P.H. M 2.20 2.40 2.90 3,30 3 .40 
F 3.35 2.65 2.96 3.41 3 .59 
whereas in task variables 3 and 4 the differences are not as 
great as in task variables 1 and 2. 
Statistically, for all tasks, the female subjects 
handled significantly less weight and workload than the 
male subjects (P<.05) (see Table 20). The maximum weight 
acceptable to the female subjects was significantly less 
(P<.05) than for the male subjects in all tasks except the 
task variables W3a (7 ft. sustained push), W4a (7 ft. 
sustained pull), W3b (25 ft. sustained push). The maximum 
Table 20. Task analysis T-test 
Pooled variance est. Separate variance est. 
variable No. of s.D. S.E. F ^-tail ^ ^f T df ^-tail 
cases prob. prob. prob. 
2^ 2I 33:5222 '2:23! 1:^47 2-64 0-021 7-OG *8 0.000 7.06 39.90 <.01** 
Wlb 
Soup 2 25 3Ï::"00 "elîlg f:232 3-04 43 0.000 8.11 36.25 <.01». 
WIc 
£c"p 2 25 tt:lto°0 "ioee 1:1" 5-17 °-°°° 
Lla^ 
Group 2 25 227:9600 la:??? ":755 ^8 0.003 3.15 39.56 <.01'. 
Lib 
Soup 2 25 ^Sl:3999 H'.l" ' 1:23? 
Lie 
S% 2 25 22?:3600 "LIÎ0 'tUl °'°°° °-°°° 28.?3 <.01" 
^Comparison of weights handled in performing task variable 1(a) of Table 19. 
^Group 1 - M sex. Group 2 - F sex. 
^Comparison of workload in performing task variable 1(a) of Table 19. 
* *  
P<.05. 
Table 20 (Continued) 
Variable No. of 
cases Mean S.D. S.E. 
Pooled variance est. Separate variance est. 
2-tail ^ af 2-taxl ^ 
prob. prob. ; prob. 
W2â 
Group 1 25 43.0800 10.638 2.128 
Group 2 25 29.9200 4.499 0.900 
5.59 0.000 5.70 48 0.000 5.70 32.32 <.01** 
W2b 
Group 1 
Group 2 
25 52.4400 10.100 2.020 
25 34.2000 5.575 1.115 
3.28 0.005 7.91 48 0.000 7.91 37.38 <.01** 
W2c 
Group 1 
Group 2 
25 54.3600 11.379 2.276 
25 34.0400 3.931 0.786 
8.38 0-000 8.44 48 0.000 8.44 29.65 <.01** 
L2a 
Group 1 
Group 2 
25 466.0000 137.520 27.504 
25 396.7998 74.345 14.869 
3.42 0.004 2.21 48 0.032 2.21 36.92 0.033 
L2b 
Group 1 
Group 2 
25 639.3599 145.392 29.078 
25 541.7998 88.599 17.720 
2.69 0.019 2.87 48 0.006 2.87 39.66 <.01** 
L2c 
Group 1 
Group 2 
25 511.5999 139.555 27.911 
25 380.3999 66.914 13.383 
4.35 0.001 4.24 48 0.000 4.24 34.48 <.01** 
W3a 
Group 1 
Group 2 
25 
25 
47.5600 
41.6400 
12.987 
9.937 
2.597 
1.987 
1.71 0.197 1.81 48 0.077 1.81 44.93 0.077 
W3b 
Group 1 
Group 2 
25 
25 
40.2000 
34.6800 
8.912 
6.744 
1.782 
1.349 
1.75 0.179 2.47 48 0.017 2.47 44.70 0.017 
Table 20 (Continued) 
Pooled variance est. Separate variance est. 
Variable No. of 
cases 
Mean SD S;E 2-tail prob. df 
2-tail 
prob. df 
2-tail 
prob. 
W3c 
Group 1 
Group 2 
25 34.1600 6.555 1.311 
25 29.2800 5.296 • 1.059 1.53 0.303 2.90 48 0.006 2.90 45.97 <.01** 
W3d 
Group 1 
Group 2 
25 32.4400 5.276 1.055 
25 25.5200 3.787 0.757 1.94 0.111 5.33 48 0.000 5.33 43.54 <.01^ 
L3a 
Group 1 
Group 2 
25 2233.3999 436.276 87.255 
25 2002.7200 217.282 43.456 4.03 0.001 2.37 48 0.022 2,37 35.22 0.024 
L3b 
Group 1 
Group 2 
25 2788.0798 493.210 98.642 
25 2250.2000 265.627 53 .,125 3.45 0.004 4.80 48 0.000 4.80 36.84 <.01** 
L3c 
Group 1 
Group 2 
25 3137.3198 592.567 118.513 
25 2547.3198 274.244 54.849 4.67 0.000 4.31 48 0.000 4.31 33.83 <-01** 
L3d 
Group 1 
Group 2 
25 3123.2798 607.991 121.598 
25 2667,6399 291.053 58.211 
4.36 0,001 3.38 48 0.001 3.38 34.45 <.01** 
W4a 
Group 1 
Group 2 
25 47.3600 9.954 1.991 
25 42.4800 8.588 1.718 1.34 0.475 1.86 48 0.070 1.86 46.99 0.070 
Table 20 (Continued) 
Variable No. of 
cases 
Mean SD SE 
2-tail 
prob. 
Pooled variance est. Separate variance est. 
T df 2-tail prob. T df 
2-tail 
prob. 
L4i 
Group 1 25 201.1600 32.320 6.464 
Group 2 25 201.0400 33.748 6.750 1.09 0.834 0.01 48 0.990 0.01 47.91 0.990 
W5à 
Group 1 
Group 2 
25 61.8000 7.065 1.413 
25 32.6800 4.507 0.901 2.46 0.032 17.37 48 0.000 17.37 40.76 <.01** 
W5b 
Group 1 
Group 2 
25 
25 
59.3600 
32.0800 
8 .036 
4.142 
1.607 
0 .828 3.76 0.002 15.09 48 0.000 15.09 35.91 <.01** 
W5c 
Group 1 
Group 2 
25 
25 
57.2400 
4 0.0800 
7.865 
6.337 
1.573 
1.267 
1.54 0.297 8.49 48 0.000 8.49 45.92 <.01** 
W5d 
Group 1 
Group 2 
25 47.1200 8.918 1.784 
25 26.1200 4.126 0.825 4.67 0.000 10.69 48 0.000 10.69 33.83 <.01** 
W5e 
Group 1 
Group 2 
25 
25 
45.6400 
25.8000 
9.878 
4.509 
1,976 
0.902 
4.80 0.000 9.14 48 0.000 9.14 33.59 <.01** 
W5f 
Group 1 
Group 2 
25 
25 
42.0400 
25.1600 
10.714 
4.432 
2.143 
0.886 5.84 0.000 7.28 48 0.000 7.28 31,98 <.01** 
Table 20 (Continued) 
Variable No. of 
cases 
Mean SD SE 
2-tail 
prob. 
Pooled variance est. Separate variance est. 
df 2-tail 
prob. 
df 2-tail 
prob. 
L5a 
Group 1 
Group 2 
25 2156,3999 543.526 108,705 
25 1548,2400 331.972 66.394 2,68 0.019 4,77 48 0.000 4.77 39.72 <.01** 
L5b 
Group 1 
Group 2 
25 2883.2000 832.906 166.581 
25 2205.8799 481.466 96,293 2,99 0.009 3.52 48 0.001 3.52 38.43 <.01** 
L5c 
Group 1 
Group 2 
25 3638.1599 533.572 106.714 
25 3030.1599 534.733 106.947 1.00 0.992 4.02 48 0.000 4.02 48.00 <.01** 
LSd 
Group 1 
Group 2 
25 2037.4399 425.451 85.090 
25 1773.7200 281.682 56.336 2.28 0.049 2.58 48 0.013 2.58 41.65 0.013 
vo 
L5e 
Group 1 
Group 2 
25 2687.6399 697.566 139.513 
25 2295.7200 539.348 107.870 1.67 0.215 2.22 48 0.031 2.22 45.14 0.031 
L5f 
Group 1 
Group 2 
25 2707.3198 600.113 120.023 
25 2417.6399 370.260 74.052 2.63 0.022 ,2.05 48 0.045 2.05 39.96 0.047 
W6A 
Group 1 
Group 2 
25 2.7884 0.439 0,088 
25 2,9132 0,420 0,084 1.10 0.822 -1.03 48 0.310 -1.03 47.90 0.310 
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workload acceptable to the female subjects was significantly 
less (P<.05) than for the male subjects in all tasks except 
L2a (the high lower), L3a (7 ft. sustained push), L4a (7 ft. 
sustained pull), W6a (walking) and L5d, L5e, L5f (all high 
carrying tasks). There are many significant differences 
in the mean performance of the two groups of subjects. The 
female subject showed less variation in their performance and 
as a result, the differences between the groups are less for 
weights and workloads acceptable to 90% of the population, 
than for weights and workloads acceptable to 50% of the popu­
lation. These results are consistent with those of Nordgren 
who found that sex differences in muscle strength were more 
pronounced in the upper extremities than in the lower extremi­
ties. The same general trends appeared with maximum acceptable 
workloads. For the walking and 7 ft. sustained pulling tasks, 
it is worth noting and interesting to find that the female 
subjects performed 100 percent of the male workload. 
Heart Rate Differences 
The overall mean heart rate (beats/min) for the maximum 
acceptable workloads for male subjects was 105 and 108 for 
female subjects. All other heart rate differences between 
the male and female subjects were nonsignificant (P<.05). 
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Table 21. Mean heart rates for high work rates (beats/min) 
Task Male Female 
1. Lifting (a) low lift 104 104 
(b) center lift 102 102 
(c) high lift 100 101 
2. Lowering (a) high lower 108 105 
(b) center lower 104 100 
(c) low lower 109 110 
3. Pushing (a) 7 ft. push 100 104 
(b) 25 ft. push 106 108 
(c) 50 ft push 108 110 
(d) 100 ft. push 100 110 
4. Pulling (a) 7 ft. pull 100 109 
5. Carrying (a) 7 ft. low 101 105 
(b) 14 ft. low 100 105 
(c) 28 ft. low 101 108 
(d) 7 ft. high 103 106 
(e) 14 ft. high 104 108 
(f) 28 ft. high 102 109 
6. Walk 103 109 
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CHAPTER V. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
Chapters I through IV of this study have described the 
details of the research undertaken. This last chapter will 
be discussed in terms of the hypothesis tested and the re­
lationship of the results to the problem of the study. 
Summary 
The two general purposes of this study were; 
1. Classification - to identify all the common manual 
handling tasks. These tasks were classified into 
some task variables so that the manual handling tasks 
could be performed separately and evaluated at dif­
ferent rates. 
2. Evaluation - to determine the values of the force 
capability of the selected populations of male and 
female work force in performing the task variables 
for comparison purpose and to optimize the popula­
tions task compatibility. 
The classification aspect 
The observation of people performing manual handling 
tasks in industry showed that manual handling tasks could be 
broken into six basic activities consisting of lifting, 
pushing, carrying, lowering, and walking or a combination 
of two or more of the above basic activities. Therefore, in 
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developing the experiment for this study, these basic activi­
ties were selected and studied separately so as to closely 
correspond to the same types of assigned manual handling 
activities that are common in industrial situations. 
The evaluation aspect 
It was observed from other previous research found in 
literature that strength was the maximal force muscles could 
exert. Since strength cannot be easily assessed at the 
living muscle in site., it is traditionally measured as the 
force or torque available at the interface with the measuring 
device. 
It was also found that strength exerted by a subject 
depends not only on the muscular capability, but also on a 
number of experimental (technical, motivational, physio-
logical, biomechanical, environmental) variables. 
Finally, the evaluation of a worker's working capacity 
can be evaluated from pulse increase and speed. The normal 
pulse rate of a normal individual working continuously under 
normal conditions was found to be 110 beats/minute. 
Based upon the above information, the experiment for this 
study was designed, conducted and evaluated accordingly. The 
results were used to test the hypothesis of the study. 
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Conclusions 
It was hypothesized "there is no significant difference 
between male and female industrial workers in the amount of 
force expended when common manual tasks are performed in 
industry." 
According to the results of this study, there were 
statistically significant differences between male and 
female in their abilities to perform manual handling tasks. 
The female workers handled significantly less weight than 
male workers, particularly when lifting, lowering and carrying. 
Therefore, it was concluded that there are significant dif­
ferences between male and female industrial workers in the 
amount of force expended when common manual tasks are per­
formed in industry. The null hypothesis was rejected. This 
means that one should be very careful and more selective 
when employing a female for a manual handling task than em­
ploying a male. Some of the guidelines on how one should be 
selective are provided in Table 19. The results of this 
investigation are consistent with those of Nordgren, Stover H. 
Snook, D. B. Chaffin, MacNab, Conger, Taylor and other 
similar researchers found in the literature. 
While the researcher strongly recommends the use of data 
provided in Table 19 on the basis of estimating the probable 
capability of an individual, this does not mean to infer that 
personal judgment should be done away with in favor of pure 
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statistical data in hiring practices. Each individual 
person, must be dealt with in the light of his or her 
present condition, amount of service or production required, 
and management policies regarding individual workers. 
It is important to note that it is very difficult to 
tie together recommendations for dynamic lifting of loads, 
and compare the lift loads with data on static strength 
capabilities. Static strength scores are numerically much 
larger than the weights (mass forces) recommended for dy­
namic lifting or carrying. 
It is important to recognize the hazards involved in 
manual handling of materials for both men and women. It 
may be possible to reduce these hazards through adequate 
job design, assignment and selection practices following 
guidelines found in Table 19. 
Discussion 
There is certain to be more effective utilization of 
woman power in the future, and it will be accompanied by a 
number of adjustments: 
1. Attitude about women working and attitudes of 
women working in industry will undergo more 
changes. 
2. Many women appear to get satisfaction from combining 
work for pay with homemaking functions. Adjustments 
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will be made to allow for this. 
3. Discontinuity in employment poses a problem of 
skill maintenance when women temporarily leave 
the labor force to raise families. Provision 
will be made for retaining the older women when 
she returns to work. 
4. Shortages of highly trained personnel will bring 
about excellent opportunities f or women who are 
prepared for a specific job or profession. 
5. Sex labels of jobs will tend to disappear as women 
are allowed to show what they are capable of doing. 
Advancing technology will help give them the chance to 
participate successfully in industrial pursuits. 
6. Nonindustrial jobs in government and the armed 
forces will help to break the barriers of 
tradition unfavorable to women. 
Of the several factors related to the prediction that 
women will play more and more important roles in industry, 
I believe three are primary. First, except in periods of 
economic adjustment, women will be needed in industry more 
than ever before. Second, technological advances will 
create many jobs highly suitable to women. Finally, women 
are gradually acquiring more status in industry, and this in 
itself will induce more women to work. 
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Recommendations 
Standardization of strength testing methods is highly 
desirable in order to arrive at reliable and com­
parable data needed for the design of tools, equip­
ment, and complex man-machine systems. 
Percentile values and ranges have been found to be 
more convenient and accurate in describing the 
data sample, and in selecting design values. The 
reason is of course, that strength and endurance 
vary greatly among individuals, regardless of sex. 
There is no one maximum weight that applies to 
everyone. 
If you have a task which only a low percentage of 
the population can perform, say 10% or 25%, there 
are two approaches you can take: 
(a) Redesign or modify the task so that the popula­
tion percentage is raised, and the risk is 
lowered. The ideal task will fit 90% or more 
of the population. Of course, redesign or 
modification includes the possibility that the 
new percentage level might be unacceptable from 
the productive point of view. This is where 
you consider the value of mechanization in order 
to keep the task out of existence. 
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(b) Where re-design or mechanization is not 
feasible, you simply put the burden on careful 
selection. The population percentage of those 
who can do the job will tell you how careful 
the selection must be. This process will also 
increase your options. Instead of male vs. 
female, the choices include average male vs. 
strong female, and so forth. Rather than 
encourage sex discrimination, this study pro­
vides opportunity to make selections on the 
basis of individual performance rather than 
sex. 
Redesigning the job 
There was an interesting case of a factory in Syracuse 
where older women working as clay-press operators were 
turning out a diminishing amount of work. Rather than get 
rid of these older workers, the company re-engineered the 
job by installing special hydraulic and pneumatic presses 
which decreased physical demands and awkward working condi­
tions. With these modifications, the workers were quite 
capable of keeping up with the work. 
In another case, older employees working on an opera­
tion in a shirt factory, which required them to match 
materials, were found to be losing their visual acuity. 
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The firm rescheduled their work so that they did not 
receive any material which was hard to match .by color or 
design. The same company, when confronted with workers 
who had developed arthritis or heart disease, redesigned 
machine controls or relocated workers' lines to better fit 
the job to the employees' physical capacities. 
There are a number of techniques employed in job 
engineering for weak or older workers, such as: 
1. Rescheduling the pace of production to eliminate 
fatiguing "quick sprints". 
2. Reshuffling work so that the worker receives 
large, easier-to-handle materials. 
3. Reducing production rating on incentive positions 
filled by oldsters. 
4. Providing better leverage for tools and controls. 
5. Relocating control levers and wheels. 
6. Providing power tools. 
7. Rearranging work area to bring motion into 
normal working area. 
8. Providing power feed of stock to machines. 
9. Substituting "pull" motion for "push" motion. 
10. Providing better grip on tools. 
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Job reassignment 
Where job re-engineering may not be practical, it is 
profitable to reassign a worker to a job within his or her 
capacity. The following reassignments are typical of 
those made in different industries which have worked well 
especially for weaker or older employees. 
At the National Biscuit Company, operations must keep 
pace with the ovens; on most positions paced with the ovens 
there can be little slowing down. So the aging man who 
cannot maintain the pace is shifted outside the sphere of 
jobs revolving about the oven. 
The General Motors Corporation, through its Chevrolet 
Central Office, says, "size and diversification of the 
Chevrolet organization has in the past made it possible to 
move the weak or the aging and physically impaired employee 
to a job which he or she could do. A review of this matter 
shows the weak or older workers gravitate to the less 
arduous tasks in the plant. As a result we have not found 
it necessary in many cases to engineer the job to the older 
worker." 
The H. J. Heinz Company and the General Electric 
Company both report that job transfer is a commonly used 
technique. The food concern says it has been "very success­
ful" in solving its problems of making adjustments for 
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workers by transferring them to different jobs, "in most 
instances without down-grading." Therefore, it reports not 
engaging in job engineering for declining capacities. 
Low back pain and other physical disorders frequently 
encountered in industry are very costly in terms of money 
and human work loss. One of the perplexing aspects of these 
problems is the great individual variability in people to 
tolerate the high mechanical loads that commonly operate on 
the musculoskeletal system. 
Strength testing under standardized conditions provides 
a practical alternative. This study provides its potential 
utility for such testing. The author believes that 
industries should begin a serious investigation of the po­
tential application and benefits to industrial workers. 
Recommendations for Further Study 
Based on the changes of laws and attitudes toward 
women workers, this study may have to be redone in the 
future. These are some of the topics that may be pertinent 
in such a reworking and updating of data; 
1. Determination of sex differences in adaptability 
to shift work and to newer concepts of work hour 
arrangement (such as four-day weeks and flexible 
starting times). 
2. Examination of accident rates for females who 
may be in roles comparable to those usually 
conceived of as male roles including: 
(a) Women in jobs which have been held by men, 
(b) women providing sole support for a family vs. 
those providing supplemental income. 
A collection of appropriate data on the accidents 
and illness resulting in whole or in part from 
poor physical conditioning or from physical 
conditioning less than the physical requirements 
of the job. 
An assessment of how individual differences 
may best be dealt with by redesign of the work 
environment, selective placement based on uniform 
and valid criteria, programs for physical training, 
or a combination of the above. 
An evaluation of how industrial programs are 
succeeding in ameliorating individual differences 
in work capacity. 
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APPENDIX A: ISOMETRIC MUSCLE STRENGTH OF ADULT 
MEN AND WOMEN 
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Isometric muscle strength of adult men 
and women 
by 
Erling Asmussen and 
K. HeebjzJll-Nielsen 
Abstract; 
The isometric muscle strength of 360 men and 250 women, 
aged 15 to 60 years, has been measured for 25 different 
muscle groups. The results have been treated so as to allow 
tables relating average normal strength to height and age to 
be prepared. Average standard deviations (S,D.) are calcu­
lated and presented for each test as a percentage of the mean 
isometric strength. Also, diagrams from which ideal body 
height can be estimated from sitting height or from leg 
length are given, A few comments on the relative strength 
of men and women and the influence of age are given in the 
form of curves. 
In an earlier communication, standard values for iso­
metric muscle strength of children aged 7 to 15 years were 
given as charts relating muscle strength to body height. The 
present communication presents standard values for isometric 
muscle strength of adult men and women in the age range 15 
Ill 
to 65 years for men, and 15 to 55 years for women. The 
tests used are the same as those described earlier with a few 
additions and omissions. As we found the measurements of 
strength of the arm-shoulder muscles adequately represented 
by "horizontal push and pull" and "vertical and downward", 
we omitted pushes and pulls in the other directions. For the 
lower extremity we have added tests for attempted hip adduc­
tion, for dorsal and plantar flexion in the ankle joint, and 
for isolated flexion and extension of the knee. The 4 last 
mentioned tests are performed on the Parous dynamometer 
with specially built attachments for attempted knee and ankle 
movements, constructed in such a way that the axis of the 
joint under investigation can be placed in line with the 
axis of the dynamometer. Attempted movements will then be 
measured as torques around the mutual axis of joint and 
i 
apparatus. 
As standard subjects about 360 normal men and 250 normal 
women were measured with respect to 25'different muscle groups, 
groups. Each test was performed at least 3 times and the 
best values chosen as the standard. 
The subjects were grouped together according to age. 
The youngest group (.14 to 16 years) were pupils in the 
upper grades in a nearby municipal school, 96 boys and 80 
girls. The next youngest group (18 to 24 years) consisted 
of 96 newly drafted male recruits, before military training 
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Fig. 1. Average height (above) and weight (below) of standard subjects in relation to age. Vertical 
lines denote one standard error. 
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Fig. 2. Isometric rtiuscle strength in 25 different muscle groups, expressed as percentages of strength 
of 21 year young men, in relation to age. I : 360 men. U ; 250 women. Ill : 250 women, 
corrected to body height 178 cm. 
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began, and coming from all kinds of civil occupations, and 
of 81 female students from a teachers' training college 
(Hellerup seminarium). The older groups were mainly re­
cruited from the municipal evening schools, where all kinds 
of people seek education, or they were teachers, policemen, 
roadmen or office workers from the neighborhood. As the lo­
cation of the institute is in an urbanized area, no farmers, 
fishermen etc. were among the subjects in these older groups. 
They were grouped according to age so that each decennium 
was represented by 20 to 40 single subjects for each of the 
two sexes. An especially selected group of 22 physically 
superior men from the fire department of Gentofte kommune 
(mean age 36.7 years) was also measured but is not included 
in the standards. 
As pointed out earlier, muscular strength, besides being 
dependent on sex and age, depends on the purely anatomical 
measures of the subject. If two persons are geometrically 
similar it is to be expected that their muscular strength, 
measured directly as maximum pulls or pushes in kg, depends 
on the transectional areas of their muscles, which again must 
be proportional to their linear dimensions squared (for 
example to total body height, h, squared). Correspondingly, 
strength measured as maximum torques (kg x cm) must vary as 
the linear measures to the third power, e.g. as h^, These 
theoretical relationships can be confirmed with fair accuracy 
115 
from the charts of muscular strength of children in relation 
to body height published, although here most often strength 
increases a little more with height than expected from these 
simple relationships. (The reason for this is probably that 
generally the taller children are also older than the shorter 
ones). Also in the present material a positive relation 
between body height and strength can be demonstrated, but be­
cause of the large individual scattering in strength due to 
other factors, and because of the comparatively narrow range 
of body heights, the exact relationship cannot be calcu­
lated. However, we shall assume that ift exists as theory 
would predict and use the relationship for reducing measured 
strength of subjects of varying height to that of subjects of 
any desired height. 
Curves representing the actual heights and weights in 
relation to age of the present material are shown. <The curves 
show that the older men and women tend to be somewhat shorter 
and somewhat heavier than the 20 year old subjects. The trend 
in body height most probably depicts the present worldwide 
tendency for the younger generations to be somewhat taller than 
their parents. The increase in weight shows the generally 
found tendency for being overweight with increasing age. 
On an average, the height of the women is about 92% 
of that of the men. One might expect, therefore, that measures 
of pulls or pushes in kg for women would be (92) per cent 
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Fig. 3. Percentage taometrlc strength for muscle groups of arms and legs, Ir relation to oge. 
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of that of men, or about 85%. This, however, is not the 
case as the figure shows; If all values from all the muscle 
tests are expressed as percentages of the mean for the 21 
year old males (96 recruits), and plotted in relation to age, 
they will come out as curves I (males) and II (females). 
The average value for all women (except the 15-20 years old) 
is only 58 to 66% if that of men of corresponding age. If 
correction is made for the lower body height of the women, 
the result will be as curve III, where body height is assumed 
to be 178 cm, the average height of the young men. That is, 
even corrected for body height, womenmuscular strength is 
still only 70 to 80% of that of men of the same age. 
Another characteristic feature is that muscular strength 
apparently reaches maximum sooner, but then also begins to 
decrease at an earlier age in women than in men, although 
there are characteristic differences between different 
muscle groups in this respect, for example between upper and 
lower extremity, the latter decreasing more in strength with 
age than the former. 
The results of the present measurements of isometric 
muscular strength in different ages will be presented in a 
series of tables. These tables were prepared from the 
direct measurements in the following way: For each age group 
an average value of strength and body height was calculated. 
Assuming that muscular strength, measured as pulls or 
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pushes on a dynamometer, is proportional to the transectional 
areas of the muscles, and this again to body height in the 
second power, all pulls and pushes were converted to values 
corresponding to muscular strength of subjects presumed to be 
178 cm tall for the men and 165 cm tall for the women. By the 
same token all measurements expressed as torques were assumed 
to be proportional to body height in the third power, and like­
wise converted to values that would correspond to body height 
178 cm for men and 165 cm for women. 
The values thus corrected for differences in body size 
were next expressed as percentages of the strength of the men, 
respectively women, in the 20 to 22 year old group. The per­
centage values were then plotted against age in years for all 
muscle groups investigated and the best fitting smooth curve 
drawn through, them. 
Using the body height-relationships as above and the 
percentage age-relationship, read from the curves, the meas­
ured strength for the different age groups could then be con­
venient and listed in tables as- those to be presented. 
Standard deviations have been calculated for each test 
and age group separately. As there were no systematic changes 
with age, the weighted mean standard deviation for all ages 
was calculated for each test. It is presented at the top of 
the tables expressed as a percentage of the average strength. 
The use of the tables, with or without interpolations, should 
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be obvious. 
As body height is used as one parameter for estimating 
normal muscular strength, means for predicting ideal body 
height in cases when legs or trunk are abnormally shortened 
may be needed. To this end the curves in Figures 4 and 5 may 
be used. They are based on measurements on our adult standard 
subjects (350 men and 250 women). 
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APPENDIX B; EVALUATION OF FITNESS FOR WORK FROM 
PULSE INCREASE AND SPEED 
Evaluation of fitness for work from pulse 
increase and speed 
by 
Erling Asmussen, Klaus Klausen, Sv. Molbech 
and Ellen Poulsen 
Abstract; 
The reciprocal of the steepness of the curve relating 
pulse rate to intensity of work is a measure of the fitness 
for work. In such occupations as walking, running, gardening, 
doing housework, factory work, etc., the intensity of work 
most often cannot be expressed in absolute units, the only 
measurable parameter being the time spent on the work. For 
such work, the speed with which it is performed, is a relative 
measure of its intensity. If the work mainly consists in­
creasing and absorbing kinetic energy,- it must be expected 
2 
that the intensity varies with the velocity squared (v ). 
Two series of experiments consisting of moving blocks of 1 
kg or boxes of 14 kg horizontally at different speeds showed 
this latter to be the case. A test can consequently be de­
veloped, in which a standard work must be performed while the 
average pulse increase during the test and the time, t, spent 
on it are measured. The fitness for such kinds of work can 
then be expressed.as the slope of the line relating pulse rate 
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2 
to 1/t or (1/t) , i.e., it is inversely proportional either to 
2 (pulse increase) x t or to (pulse increase) x t . 
Paper; 
The evaluation of a person's working capacity can be 
expressed in absolute units by measuring the maximum oxygen 
uptake he can attain during work in a steady state. Methods 
for estimated this "aerobic capacity" from experiments with 
submaximal work have been developed (e.g., Astrand and 
Rhyming, 1954, Asmussen and Heramingsen, 1958, see also Comm. 
no. 4 in the present series), all based on the rectinlinear 
relationship found between pulse rate increase and extra 
energy output (Berggren & Christensen, 1950) . In many 
cases, especially when dealing with handicapped persons in 
specified occupations (gardening, farmwork, homework, etc.), 
t he aerobic capacity does not give a full picture of the 
patient's fitness or capacity for work because such factors as 
skill, dexterity, body weight, etc., to a high degree are co-
determinants for the utilization of the available part of the 
aerobic capacity. In such cases the work capacity may be 
better expressed as a percentage, viz. related to the work 
capacity of a standard person performing a standard piece 
of work of the type under consideration. 
The present study is an attempt at developing a test 
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which should make it possible from a few simple data col­
lected during a standard work test to express the fitness of 
a person as a percentage of the fitness of a normal average 
person performing the same kind of standard work. 
1. Estimating the work intensity in a standard task: 
When riding a bicycle-ergometer or walking on an incline, 
the work intensity can be easily measured and expressed, e.g., 
in kgm/min. When walking or running on the level or when 
performing housework, gardening, or the like, the work in­
tensity cannot easily be estimated, the only simple expression 
for the estimation being the velocity with which the task is 
performed. For level walking and running the number of 
meters traversed per sec. is an expression of the work in­
tensity, while in preparing a meal, cleaning a room, or such, 
the fraction of the whole job performed per minute would 
correspondingly be an expression for the work intensity. 
If one person finishes a task in, for example 20 min. 
and another in 15 min. then, obviously, the relative work 
intensity of the first can be expressed as 1/20 or 0.050 and 
that of the second as 1/15 or 0.067, i.e., it is higher than 
that of the first. 
However, the question arises whether velocity alone in 
all cases would be a correct measure for the relative physio­
logical work intensity. In walking, running, and in several 
125 
types of practical work most of the muscular effort is spent 
on accelerating or decelerating limbs, body, or utensils of 
different kinds, i.e. most of the energy produced takes the 
form of kinetic energy and only a small portion takes the form 
of potential energy. Kinetic energy can be expressed as E = 
12 
m V , where m is the mass moved and v is the velocity. If 
speed, therefore, was the only variable it would be justi­
fiable to assume that the energy produced in the body for the 
task would be proportional to speed in the second power. 
For the example given above, the relative work intensities 
2 
consequently would be better expressed as (1/20) or 0.0025 
and (1/15)^ or 0.0045. It will be noticed that the ratio 
between the "work intensities" of the two persons thereby 
changes considerably, viz. from 0.75 to 0.56. 
2 2. Justification for using v as a measure for work 
intensity; 
In order to test the hypothesis, that energy output in 
such tasks as walking, running, moving objects horizontally, 
etc., where speed is the only direct measure of the work rate, 
increases linearly with speed in the second power, two series 
of experiments were performed. In one, a number of iron 
blocks, each weighing 1 kg had to be moved by hand from one 
side of a table to the other and back again by a sitting 
subject. The speed of movements was set by a metronome, and 
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was varied so that at the lowest speed 20 blocks, and at the 
highest speed 60 blocks were moved per min. The movement of 
40 blocks was called a "work unit", and given the value of 1. 
The time, t, used for completing one "work unit" was measured. 
The velocity of work could then be expressed as 1/t. When 
the subject had worked long enough to attain a steady state 
(10 to 15 minutes) his oxygen uptake was determined by con­
necting him through mouth piece and valve to a Douglas bag 
for collecting his expired air. Two bags were filled with a 
short interval between them during which the first bag could 
be emptied and samples for analysis (Scholander gas analyzer) 
collected. During the whole work period the pulse rate was 
registered through a CLN telemetering pulse recorder (c.f. 
Comm. no. 8). About 30 experiments on 2 subjects were per­
formed. 
In the second series of experiments the subject moved 
The tables were of same height (about 110 cm) and the boxes 
were moved practically horizontally from table to table. The 
subject had to take a few steps for each movement. As before, 
a metronome set the space which varied from about 10 movements 
per minute to 24. Oxygen uptakes and pulse rates were 
determined in the steady state as before. In this series the 
moving of 24 boxes was arbitrarily called one "work unit" and 
the time, t, spent on this was measured. Velocity of work, 
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Fig. 1. Moving blocks of 1 kg by hand, sitting. Oxygen uptako in relation to velocity squared. 
W 02 03 W Û5 OS Q7 OyB 09 (-}.)2 
Fig. 2. Mpvlng boxes of 14 kg from one table to another. Oxygen uptake in relation to velocity squared. 
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therefore, could again be expressed as 1/t, 40 experiments on 
2 subjects were performed. 
When oxygen uptakes per minute were plotted against speed 
of work, 1/t, upward-sloping curves were obtained. If, how-
2 
ever, the oxygen uptakes are plotted against (1/t) , the 
result will be straight lines as seen in Figures 1 and 2. 
In the present experiments (Figs. 1 and 2) the different 
weights of the two subjects (WP: 83 kg BM: 75 kg) apparently 
played a negligible role as the result from the two subjects 
fall around the same line. 
Also the pulse rates were found to form straight lines 
2 
when plotted against (1/t) . For the better trained sub­
ject, BM, this line was at a lower level than for the less 
well trained subject, WP. 
From data in the literature it is further known that 
oxygen uptakes versus speed in walking and running appear to 
be exponential (cf. B0je, 1944, Passmore and Durnin, 1955). 
2 
Plotted against v they become straight lines. Cotes (1960) 
also found that energy requirements for walking at the level 
were proportional to speed in the second power. It seems, 
therefore, justifiable to conclude from the available evi­
dence that in work consisting mainly of horizontal movements 
of body or objects at different speeds the energy require­
ments increase rectilinearily with speed in the second power. 
2 
For a given task of this kind performed in timet, (1/t) , 
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consequently must be the best relative expression for the in­
tensity of work. 
3. Relative fitness from time and pulse rate; 
It has repeatedly been shown that inside certain limits 
pulse rate and energy output are linearly correlated (Wah-
lund, 1958, Berggren & Christensen, 1950, Asmussen & Hemming-
sen, 1958) and that the untrained or unfit subject reaches a 
higher pulse rate at the same energy output than the well 
trained or fit. Fitness can consequently be expressed by the 
slope of the line that relates pulse rate to energy output. 
Miiller's (1950) "leistungs-Pulsindex", that relates pulse 
increase to increase in work intensity is an analogous example 
of this. If the efficiency of work is known or can be as­
sumed to be constant, rate of work can be substituted for 
increase in energy output. As mentioned in parts 1 and 2, 
2 
velocity in the second power (v ) is a relative measure for 
intensity of work when this consists of level walking, running, 
or moving objects around horizontally. For a given limited 
task the velocity can be expressed as the reciprocal of the 
time t, spent on the task, i.e., v ~ lA. It follows that 
fitness for a given task of the kind discussed can be ex­
pressed as the slope of the line relating pulse rate to 
(l/t)2. 
Referring to Figure 3 an example of such a calculation 
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Fig. 3. Pulse rate in relation to speed of work, squared, for three 
Imaginary subjects of different fitness ( see text). 
will be given below. 
Example: Two persons I and II, performing the same 
task of the same duration, t^, but I with a pulse increase 
âpT, and II with a higher pulse increase, Ap?, are not 
equally fit. The fitness of I can be expressed by the slope 
of line I as Ap^/(l/t)^ or Ap^ x t^^, the fitness of II 
2 
similarly by the slope of line II as Ap^ x t^ . (It will be 
noticed that, as fitness decreases, the slope of the lines 
2 2 increases, Apg x t^ , Ap^ x t^ ). If a third person. III, 
performs the same task, not only with the higher pulse inr 
crease, Apg, but also using a longer time, t2, on the job, 
then his speed will be lower (l/tg 1/t^) and his physio­
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2 logical work intensity (l/tg) , consequently, also lower than 
that of I and II. Line III depicts his case and the slope 
2 
of the line Ap^ x t2 , will be even larger than that of line 
II. 
Suppose person I is a "normal standard", it is then 
possible to express the fitness of the two other persons in 
percentages of the fitness of the "normal standard" by relating 
the slopes of lines II and III to the slope of line I. 
The "relative fitness" for doing the special task in­
vestigated (remembering that "fitness" decreases as the slope 
of the lines increases) will then be 
2 2 for I; Apj^ X t^  /Apg x t^ x 100, 
2 2 
for II; A;^ X t^ /^P2 ^ ^2 ^ 100" 
An example will elucidate this: suppose a "normal 
standard person" performs the job in 40 minutes with an 
average pulse increase of 50 beats per minute. His speed will 
2 
then be 1/40 and his physiological work intensity (1/40) 
or 1/1600= His fitness will be expressed by 50/1/1600 or 
50 X 1600, which, as he is our "normal standard", must be 
100 pet. Another subject uses 60 minutes on the same job 
and his pulse rate increases, say, 60 beats per minute. His 
2 fitness can then be expressed as 60/1/60 or 60 x 3600. 
Relative to the standard, his fitness will consequently be 
(50 X 1600/60 X 3600) x 100 or 37 pet. 
132 
The above described calculation of relative fitness does 
not take the eventual different ages of "standard" and test 
persons into account. It may, however, be desirable to ex­
press the fact that an older person has a lower maximal pulse 
fate than a younger person (cf. Comm. no. 4) and, consequently, 
a lower capacity for work also. It is necessary to distinguish 
between what has been termed "fitness" and "maximum working 
capacity". The former is expressed by the slope of the curve 
relating pulse increase to work intensity while the latter is 
expressed as the working intensity (or oxygen uptake or 
energy production) at maximum pulse increase (cf. Comm. no. 
4). As the maximum pulse, increase during work decreases with 
age after an approximately straight line (Asmussen & Hemming-
sen, 1957, Comm. no. 4), it follows that the capacity for work 
also decreases with age. If the "standard" person has a 
pulse reserve of APmax and the test person a pulse reserve 
of Apmax, then the ratio Apmax/APmax will correct for dif­
ferences in relative capacity due to age at any degree of . 
relative fitness. 
The examples given above were calculated under the as-
0 2 
sumption that v~ or (1/t) expressed the intensity of work. 
2 
Whether in actual tests v or the simpler expression v - or 
1/t - should be used will have to be decided experimentally, 
e.g., by measuring oxygen uptake or pulse increase during 
the test task performed at different speeds. The value, 
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2 
V or V , which comes closest to giving a straight lined re­
lationship with oxygen uptake or pulse increase should then 
2 be used. Theoretically, also combinations of v and v may 
occur but for practical purposes one or the other will 
suffice. 
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APPENDIX C; QUESTIONNAIRE AND 
PERFORMANCE F0RÎ4 
QUESTIONNAIRE AND PERFORMANCE FORM: 
Please complete all items (1-8) 
Item 
1. Sex; Male Female 
2. Age: (a) 20-25, (b) 25^-30, (c) 30%-35, (d) 35 above 
3. Height: 
4. Weight: 
5. How long have you been employed in your present employ­
ment? 
(a) 1-2 yrs, (b) 3-5 yrs, (c) 6-10 yrs, (d) over 6 yrs 
6. Are you on any medication at the present time? 
(a) yes, (b) no 
If yes, please elaborate: 
7. Have you suffered from any heart disease before? 
(a) yes, (b) no 
If yes, please explain: 
8. Have you had any of the following before? 
cardiac failure, cardiac asthma, 
cardiac neurosis 
(a) yes, (b) no 
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Subject # Sex Age 
Max. weight Initial Final Workload in 
or force P. P. ft-lb/ 
Task handled in lb rate rate min 
1. Lifting: (a) 
(b) 
(c) 
2. Lowering; (a) 
(b) 
(c) 
3. Pushing: (a) 
(b) 
(c) 
(d) 
4. Pulling:(a) 
(b) . 
5. Carrying; (a) 
(b) 
(c) 
(d) 
(e) 
(f) 
6. Walking: 
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Physical Characteristics: 
Subject # Sex Age 
1. Knuckle height cm 
2. Functional reach 
3. Elbow-wrist length 
4. Chest circumference 
5. Waist circumference 
6. Grip strength (R) 
7. Grip Strength (L) 
8. Elbow-elbow breadth 
9. Shoulder-elbow length 
10. Knee-knee breadth 
11. Buttock-knee length 
12. Wrist breadth 
13. Hand breadth 
14. Hand length 
15. Wrist circumference 
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APPENDIX D: SUBJECT INSTRUCTIONS 
INSTRUCIONS; 
We want you to imagine that you are on a piece of work, 
getting paid for the amount of work that you do, but working 
a normal 8-hour shift that allows you to go home without 
feeling bushed. 
In other words, we want you to work as hard as you can 
without straining yourself, or without becoming unusually 
tired. 
You will choose your own work load. If the tote box 
given to you is too heavy for you to handle ask for a 
lighter box. You will work only when the light comes on. 
Sometimes the light will have you working fast sometimes 
slowly. Your job will be to make sure that you are handling 
the right weight of the tote box you are working with, or the 
force of the push or pull on the treadmill, or the rate at 
which you walk. If you feel you are working too hard, ask for 
a lighter tote box. When pushing or pulling, turn the knob 
toward to decrease. When walking, decrease your walking 
speed. 
We don't want you loafing either. If you feel that you 
can work harder, as you might on piece work, ask for a 
heavier tote box, or turn the knob toward increase, or in­
crease your walking speed. 
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Don't be afraid to make adjustments. You have to make 
enough adjustments so that you get a good feeling for what 
is too heavy and what is too light. You can never make 
too many adjustments but you can make too few. Remember, 
this is not a contest. Everyone is not expected to do the 
same amount of work. 
We want your judgment on how hard you can work without 
becoming unusually tired. 
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APPENDIX E: STATISTICAL ANALYSIS FROM THE 
COMPUTER OUTPUT 
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MALE 
CATEGORY LA3Q. WIA 
CODE 
27. 
36, 
37. 
45 a 
46. 
46. 
47. 
54. 
55. 
55. 
58. 
59 . 
59. 
64. 
64. 
TOTAL 
ABSOLUTE 
FREQ 
2 
1 
1 
3 
1 
1 
1 
3 
2 
3 
1 
I 
3 
1 
1 
25 
RELATIVE ADJUSTED 
FREQ FREQ 
( ACT) 
8 . 0  
4.0 
4.0 
12.0 
4.0 
4.0 
4.0 
12 .0  
8 , 0  
12 .0  
4. 0 
4,0 
12.0 
4*0 
4o0 
100.0  
(PCTÎ 
8.0  
4.0 
4.0 
12.0 
4 o 0 
4.0 
4.0 
12.0 
8 . 0  
1 2 . 0  
4.0 
4 o 0 
12 .0  
4.0 
4 ©0 
100.0 
CUM 
FREQ 
(PCTJ 
8.0  
1 2 . 0  
16 .0  
28.0 
32.0 
36.0 
40.0 
52.0 
60 .0  
72.0 
76.0 
80 = 0 
92.0 
96.0 
lOOeO 
MEAN 50.300 STO ERR 
MODE 45.000 STO OEV 
2.026 MEDIAN 54.167 
10 .128 
VALID CASES 25 MISSING CASES 
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FEMALE 
CATEGORY LABS. wiA 
RELATIVE ADJUSTED CUM 
ABSOLUTE FREQ FREQ FREQ 
CODE FREQ (ACT) <PCTJ (ACT) 
18, 1 4.0 4.0 4.0 
20. 1 4.0 4.0 8.0 
27. 1 4.0 4.0 12.0 
27. 1 4.0 4.0 16.0 
30. 3 12.0 12.0 28.0 
31. 2 8.0 8.0 36.0 
32. 1 4.0 4.0 40o0 
34. 1 4.0 4.0 44.0 
34. 2 8.0 8.0 52.0 
35. 2 8.0 8.0 60.0 
36. 1 4.0 4.0 64.0 
36. 1 4.0 4.0 68.0 
37. 1 4.0 4o0 72.0 
40. 1 4.0 4.0 76.0 
40. 4 16.0 16.0 92.0 
42. 1 4.0 4.0 96.0 
42. 1 4.0 4.0 100.0 
total 25 100,0 iOOoO 
MEAN 33,500 STO ERR 1.247 MEDIAN 34.125 
MODE 40.000 STO DEV 6.233 
VALID CASES 25 MISSING CASES 0 
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MÂLE 
CATEGORY LABEL LIA 
RELATIVE ADJUSTED CUM 
ABSOLUTE FREQ FREQ FREQ 
CODE FREQ (ACT) (PCT) (PCT) 
i 509 1 4 # 0 4 # 0 4*0 
155. 1 4.0 4.0 8.0 
182. 1 4.0 4.0 12.0 
184. 1 4.0 4.0 16.0 
235, 5 20.0 20.0 36.0 
236. 1 4.0 4.0 40.0 
295. 6 24.0 24.0 64.0 
296. 2 8-0 8.0 72,0 
352. 1 4.0 4.0 76.0 
354. 3 12.0 12.0 88.0 
355. 1 4.0 4.0 92.0 
407. I 4=0 4=0 95-0 
408. 1 4.0 4.0 100.0 
TOTAL 25 100.0 100.0 
MEAN 281.120 STD ERR 14.433 MEDIAN 294o9l7 
MODE 295.000 STD DEV 72.165 * 
VALID CASES 25 MISSING CASES 0 
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FEMALE 
CATEGORY LABEL n* 
RELATIVE ADJUSTED CUM 
ABSOLUTE FREQ FREO FREQ 
CODE FREQ (PCT) (ACT) (PCT) 
145. 2 8.0 8.0 8.0 
170. 2 8.0 8.0 16.0 
202. 4 16.0 16.0 32.0 
203. 1 4.0 4.0 36.0 
204. 1 4.0 4.0 40.0 
235» 1 4.0 4.0 44.0 
236. 6 24.0 24.0 68.0 
238. 1 4.0 4.0 72.0 
270. 2 8.0 8.0 80.0 
271. 2 8.0 8.0 88.0 
274. 1 4.0 4.0 92.0 
303. I 4.0 4,0 96=0 
306. 1 4.0 4.0 100.0 
TOTAL 25 100.0 100.0 
MEAN 227.960 STD ERR 8.755 MEDIAN 235.750 
NŒ)E 236.000 STD DEV 43.777 
VALID CASES 25 MISSING CASES 0 
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MALE 
CATEGORY LABEL WIB 
RELATIVE ADJUSTED CUM 
ABSOLUTE FREQ FREQ FREQ 
CODE FREQ (PCTJ (ACT) (PCT) 
30. 2 8,0 8.0 8.0 
35. 2 8.0 8.0 16.0 
45. 4 16.0 16.0 32.0 
46. 1 4.0 4.0 36.0 
46. I 4e0 4«0 40.0 
55, 3 12.0 12.0 52.0 
56. 5 20.0 20.0 72.0 
61. 2 8.0 8.0 80.0 
62. 1 4.0 4.0 84.0 
62. 2 8,0 8.0 92.0 
66. 2 8,0 8.0 100-0 
TOTAL 25 100.0 100.0 
MEAN 51«440 STD ERR 2.146 MEDIAN 
MODE 56.000 STD DEV io,731 * 
VALID CASES 25 MISSING CASES 0 
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FEMALE 
CATEGORY LABQ. WIB 
RELATIVE ADJUSTED CUM 
ABSOLUTE FREQ FREQ FREQ 
CODE FREQ (PCT) (PCT) (PCT> 
11. 1 4.0 4.0 4.0 
20. 1 4.0 4.0 8.0 
25. 2 8.0 8.0 16.0 
30. 1 4.0 4.0 20.0 
30. 4 16.0 16.0 36.0 
31. 1 4.0 4.0 40.0 
33. 2 8.0 8.0 48.0 
33. 6 24.0 24.0 72.0 
35. I 4.0 4.0 76.0 
36. 2 8.0 8.0 84.0 
37. 1 4.0 4.0 88.0 
37. 1 4.0 4.0 92.0 
40. 1 4.0 4.0 96.0 
40e 1 4=0 4oO 100=0 
TOTAL 25 100.0 100.0 
MEAN 31.360 STD ERR 1.232 MEDIAN 32.792 
mOE 33.000 STD DEV 6,159 
VALID CASES 25 MISSING CASES 0 
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MALE 
CATEGORY LABEL LIB 
RELATIVE ADJUSTED CUM 
ABSOLUTE FREQ FREQ FREQ 
CODc FREQ (PCTJ (PCT) CPCTÎ 
200 .  1  4 .0  4 .0  4 .0  
204 .  1  4 .0  4 .0  8 .0  
294 .  2  8 .0  8 .0  16 .0  
356 .  1  4 .0  4 .0  20 .0  
358 .  3  12 .0  12 .0  32 .0  
359 .  1  4 .0  4 .0  36 .0  
360 .  1  4 .0  4 .0  40 .0  
428 .  1  4 .0  4 .0  44 ,0  
429 .  4  16 .0  16 .0  60 .0  
430 .  3  12 .0  12 .0  72 .0  
500 .  1  4 .0  4 .0  76 .0  
501 .  3  12 .0  12 .0  88 .0  
502 .  1  4 .0  4 .0  92 .0  
561 .  1  4 .0  4 .0  96 .0  
566 .  1  4 .0  4a0  100 .0  
TOTAL , 25  100 .0  100 .0  
MEAN 408 .280  STD ERR 19 .193  MEDIAN 428 .875  
MODE 429 .0  00  STD DEV 95. 963  
VALID CASES 25 MISSING CASES 0 
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FEMALE 
CATEGORY LABEL LIB 
RELATIVE ADJUSTED CUM 
ABSOLUTE FREQ FREQ FREQ 
CODE FREQ (PCT)  (PCT)  (PCT)  
196 .  1  4 .0  4 .0  4 .0  
200 .  1  4 .0  4 .0  8 .0  
254 .  1  4 .0  4 .0  12 .0  
255 .  I  4 .0  4 .0  16 .0  
284 .  3  12 .0  12 .0  28 .0  
285 .  3  12 .0  12 .0  40 .0  
315 .  1  4 .0  4 .0  44 .0  
316 .  6  24 .0  24 .0  68 .0  
318 .  1  4 .0  4 .0  72 .0  
346 .  1  4 .0  4 .0  76 .0  
348 .  3  12 .0  12 .0  88 .0  
349 .  1  4 .0  4 .0  92 .0  
377 .  1  4 .0  4 .0  96 .0  
378 .  1  4 .0  4 .0  100 .0  
TOTAL 25  100 .0  100 .0  
MEAN r i r t 5 .400  STD ERR 9 .237  . . .  mcuamN OiOe 
MODE 3 1 6 . 000  STO DEV 46 .187  
VALID CASES 25  MISSING CASES 
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MALE 
CATEGORY LABEL %1C 
RELATIVE ADJUSTED CUM 
ABSOLUTE FREQ FREQ FREQ 
CODE FREQ (PCT) (PCT3 (PCTJ 
15 .  1  4 .0  4 .0  4 .0  
20 .  1  4 .0  4 .0  8«0  
30 .  2  8*0  8 .0  16 .0  
40 .  5  20 .0  20 .0  36 .0  
42 .  I  4 .0  4 .0  40 .0  
54 .  1  4 .0  4 .0  44 .0  
55 .  2  8 .0  8 .0  52 .0  
55 .  5  20 .0  20 .0  72 .0  
60. 3 12.0 12.0 84.0 
61 .  2  8 .0  8 .0  92 .0  
65 .  2  8 .0  8 .0  100 .0  
TOTAL 25  100 .0  100 .0  
MEAN 4 3.260 STD ERR 2.767 MEDIAN 54 
MODE 40.000 STD DEV 13.837 
VALID CASES 25 MISSING CASES 
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FEMALE 
CATEGORY LAB8- WIC 
CODE 
15. 
23. 
25. 
25. 
30. 
30. 
35. 
36. 
37. 
38. 
TOTAL 
ABSOLUTE 
FREQ 
2 
2 
5 
1 
1 
7 
4 
1 
1 
1 
25 
RELATIVE ADJUSTED 
FREQ FREQ 
<PCT)  
8 .0  
8.0 
20.0 
4.0 
4.0 
28.0 
16.0 
4.0 
4.0 
4.0 
100.0 
(PCT)  
8.0 
8.0 
20 .0  
4.0 
4.0 
28.0 
1 6 . 0  
4.0 
4.0 
4.0 
1 0 0 . 0  
CUM 
FREQ 
(PCT)  
8 .0  
16.0 
36.0 
40.0 
44.0 
72.0 
88.0 
92.0 
96.0 
1 0 0 . 0  
U£A.N 28,680 STO ERR 1-217 MEDIAN 29= 857 
MODE 3 0.000 STD DEV 6.086 
VALID CASES 25 MISSING CASES 
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MALE 
CATEGORY LABEL LlC 
RELATIVE ADJUSTED 
ABSOLUTE 
CODE FREÛ 
160. 
180.  
181.  
259. 
260. 
261 . 
346. 
347. 
348. 
350. 
4-34 a 
435. 
436. 
513. 
514. 
TOTAL 
2 
1 
1 
4 
1 
1 
5 
1 
1 
1 
3 
1 
1 
1 
1 
25 
FREQ 
(PCT) 
8.0 
4.0 
4.0 
1 6 . 0  
4.0 
4.0 
20.0 
4.0 
4.0 
4.0 
12.0 
4.0 
4.0 
4.0 
4.0 
100.0 
FREQ 
(PCT) 
8.0 
4.0 
4.0 
16 .0  
4 .0  
4«0 
20.0 
4 .0  
4 .0  
4 .0  
i2. 0 
4 .0  
4.0 
4 .0  
4.0 
100.0 
CUM 
FREQ 
(PCT) 
8.0 
1 2 . 0  
1 6 . 0  
32.0 
36.0 
40.0 
60.0 
64.0 
68.0 
72.0 
84. 0 
88.0 
92.0 
96.0 
100.0 
MEAN 328.520 STO ERR 20.681 MEDIAN 346.000 
MODE 346.000 STD DEV 103.404 
VALID CASES 25  MISSING CAàES 
151 
CODE 
145. 
155. 
192. 
1%4. 
2 1 1  .  
2 1 2 .  
213. 
2 1 6 .  
235. 
236. 
256. 
257. 
278. 
TOTAL 
FEMALE 
CATEGORY. LABEL LlC 
RELATIVE ADJUSTED 
ABSOLUTE FREQ FREO 
FREQ (PCT) 
1 
7 
1 
2 
3 
2 
25 
4.0 
4.0 
4. 0 
4.0 
4.0 
4.0 
12.0 
4. 0 
26 .0  
4,0 
8 . 0  
12.0 
a. 0 
1 0 0 . 0  
(PCT) 
4.0 
4.0 
4.0 
4.0 
4« 0 
4.0 
12 .0  
4.0 
2 6 . 0  
4.0 
8.0  
12.0  
3 o Û 
100.0 
CUM 
FREQ 
(PCT) 
4.0 
8 . 0  
1 2 . 0  
16.0 
2 0 . 0  
24.0 
36.0 
40.0 
68 .0  
72.0 
aooo 
92.0 
1 0 0 * 0  
MEAN 227.360 STO ERR 6,522 MEDIAN 234.857 
MODE 23b.000 STO DEV 32.610 
V A L I D  C A S E S  25 MISSING CASES 
152 
MALE 
CATEGORY LABEL *2A 
RELATIVE ADJUSTED CUM 
ABSOLUTE FREQ FREQ FREQ 
CODE FREQ CPCT) (PCT) (PCT) 
24. 1 4.0 4.0 4.0 
25. 1 4.0 4.0 8.0 
30. 2 8.0 8.0 16.0 
35. 4 16.0 16.0 32.0 
36. 2 8.0 8.0 40.0 
44. 1 4.0 4.0 44.0 
45. 5 20.0 20.0 64.0 
46. 2 8.0 8.0 72.0 
54. 1 4.0 4.0 76.0 
55. 3 12.0 12.0 88.0 
56. 1 4=0 4iO 92.0 
6 0 .  2  8 . 0  8 . 0  1 0 0 . 0  
TOTAL 25 100.0 100.0 
MEAN 43.080 STD ERR 2.128 MEDIAN 44.800 
MODE 45.000 STD DEV 10.638 
VALID CASES 25  MISSING CASES 0  
153 
FEMALE 
CATEGORY LABEL *26 
RELATIVE ADJUSTED 
ABSOLUTE 
CODE FREQ 
20. 
21. 
24. 
25. 
27, 
28. 
30 .  
31. 
32. 
34. 
35. 
37. 
38. 
TOTAL 
1 
1 
1 
2 
4 
3  
4 
1 
4 
I 
I 
1 
25 
FREQ 
(PCT) 
4.0 
4.0 
4.0 
4.0 
8.0 
16 .0  
1 2 . 0  
16 .0  
4.0 
16 .0  
4.0 
4.0 
4.0 
100.0  
FREQ 
(PCT) 
4.0 
4.0 
4.0 
4.0 
8.0 
16. 0 
12«0 
16.0  
4.0 
16.0 
4.0 
4.0 
4.0 
100.0 
CUM 
FREQ 
(PCT) 
4.0 
8.0 
1 2 . 0  
16.0 
24.0 
40.0 
52.0 
68.0 
72.0 
88.0 
92.0 
96.0 
100.0 
MEAN 29.920 STD ERR 0.900 MEDIAN 30.333 
MODE 28.000 STD OEV 4.499 
VALID CASES 
MISSING CASES 
154 
MALE 
CATEGORY LABEL L2A 
CODE 
200. 
240. 
277. 
379. 
360. 
381. 
490. 
493. 
494. 
495. 
605 e 
606. 
607a 
702. 
703 . 
TOTAL 
ABSOLUTE 
FREQ 
1 
1 
2 
4 
1 
1 
1 
5 
1 
1 
1 
3 
1 
1 
1 
25 
RELATIVE ADJUSTED 
FREQ FREQ 
(ACT) 
4.0 
4.0 
8 . 0  
16.0 
4.0 
4.0 
4.0 
20.0 
4.0 
4.0 
4. 0 
1 2 . 0  
4.0 
4.0 
4.0 
100  =  0  
(PCT) 
4.0 
4.0 
8.0 
16.0 
4.0 
4.0 
4.0 
20.0 
4.0 
4.0 
4.0 
1 2 . 0  
4.0 
4.0 
4.0 
lOOoO 
CUM 
FREQ 
(PCT) 
4.0 
8.0 
16.0 
32.0 
36.0 
40.0 
44.0 
64.0 
6 8 . 0  
72.0 
76.0 
88.0  
92.0 
9Ô . 0 
100.0 
MEAN 466.000 
M3DE 493.000 
VALID CASES 
STD ERR 27.504 
STO DEV 137.520 
25 MISSING CASES 
155 
FEMALE 
CATEGORY LABEL L2A 
RELATIVE ADJUSTED CUM 
ABSOLUTE F R E Q  FREQ FREQ 
CODE FREQ (PCTJ ÎPCTJ (PCT) 
213. 1 4.0 4.0 4.0 
253. 1 4.0 4.0 8.0 
3I0e 2 8.0 8.0 16,0 
355. 1 4.0 4.0 20.0 
360. 3 12.0 12.0 32.0 
361. 1 4.0 4.0 36.0 
365. 1 4.0 4.0 40.0 
412. 1 4.0 4.0 44.0 
413. 4 16.0 16.0 60.0 
414. 1 4.0 4.0 64.0 
415. 2 8.0 8.0 72.0 
466. 3 12.0 12.0 84.0 
467. 1 4.0 4.0 88o0 
468. I 4.0 4.0 92.0 
516. 2 8.0 8.0 100.0 
TOTAL 25 100-0 100 = 0 
R. T.:z :: :::: — 
VALID CASES 25 MISSING CASES 
156 
MALE 
CATEGORY LABEL *28 
CODE 
30. 
40 .  
41  .  
46. 
47 .  
48 .  
55 .  
56 .  
57 .  
6 1 .  
63 .  
ABSOLUTE 
FREQ 
2 
1 
1 
3 
2 
1 
3 
4 
1 
1 
4 
RELATIVE ADJUSTED 
FREQ FREQ 
(ACT) 
8.0 
4 .0  
4 .0  
12.0 
8.0 
4 .0  
12.0 
1 6 . 0  
4 .0  
4 .0  
16.0 
(PCT) 
8 . 0  
4 .0  
4 .0  
12 .0  
8.0 
4 .0  
12.0 
1 6 . 0  
4 .0  
4 .0  
16.0 
CUM 
FREQ 
(PCT) 
8.0 
1 2 . 0  
1 6 . 0  
28.0 
36 .0  
40 .0  
52 .0  
68.0 
72 .0  
76 .0  
92 .0  
66 . 
TOTAL 
1 
25  
4 .0  
100.0 100.0 
100 = 0 
mOE H:Tol SO OeS lolfoo ==-^33 
VALID CASES 25 MISSING CASES 
157 
FEMALE 
CATEGORY LABEL »2B 
ABSOLUTE 
CODE FREQ 
22,  
24. 
27. 
28. 
30. 
31 . 
32. 
33. 
35. 
39. 
40. 
44 « 
TOTAL 
4 
1 
7 
1 
4 
2 
25 
RELATIVE ADJUSTED 
FREQ FREQ 
(PCT) 
4.0 
4.0 
4.0 
4.0 
4.0 
4,0 
16.0 
4.0 
28 .0  
4.0 
16.0 
8.0 
100.0 
(PCT) 
4.0 
4.0 
4.0 
4.0 
4.0 
4 a 0 
16.0 
4.0 
28.0 
4.0 
16.0 
8.0 
100.0 
CUM 
FREQ 
(PCT) 
4.0 
8 . 0  
12 .0  
16.0 
20.0 
24.0 
40.0 
44.0 
72.0 
76.0 
92.0 
100.0 
MEAN 34.200 STD ERR 1.115 MEDIAN 34.714 
MODE 35.000 STD DEV 5.575 
VALID CASES 25 MISSING CASES 
158 
MALE 
CATEGORY LABEL W2C 
RELATIVE ADJUSTED CUM 
ABSOLUTE FREQ FREQ FREQ 
CODE FREQ CPCT) CPCT) CPCT) 
30. 1 4.0 4.0 4.0 
32. 1 4.0 4.0 8.0 
38. 1 4.0 4.0 12.0 
39o 1 4.0 4.0 16.0 
47. 2 8.0 8.0 24.0 
48. 4 16.0 16.0 40.0 
57. 1 4.0 4.0 44.0 
58. 5 20.0 20.0 64.0 
59. 1 4.0 4.0 68.0 
60. 1 4.0 4,0 72.0 
65. 1 4.0 4.0 76.0 
66. 4 16.0 16.0 92.0 
69. 1 4.0 4.0 96.Û 
70. 1 4.0 4.0 100.0 
TOTAL 25 lOOaO 100.0 
MEAN 54.360 STD ERR 2.276 MEOSAJsi S/sSOG 
MODE 58.000 STD DEV 11.379 
VALID CASES 25 MISSING CASES 0 
159 
FEMALE 
CATEGORY LABEL W2C 
RELATIVE ADJUSTED CUM 
ABSOLUTE FREQ FREQ FREQ 
CODE FREQ <PCT) (PCT) (ACT) 
25. 2 8.0 8.0 8.0 
30. 2 8.0 8.0 16.0 
32. 6 24.0 24.0 40*0 
35. 8 32.0 32.0 72.0 
37. 1 4.0 4.0 76.0 
38. 4 16.0 16.0 92.0 
40. 2 8.0 8.0 100.0 
TOTAL 25 100.0 100.0 
MEAN 34.040 STD ERR 0.786 MEDIAN 34.813 
MODE 35.000 STD DEV 3.931 
VALID CASES 25  MISSING CASES 0  
160 
CODE 
24. 
25. 
30 . 
36 o 
38. 
40. 
50. 
51. 
52. 
53. 
60 . 
61 . 
62.  
68. 
69. 
TOTAL 
MEAN 
MODE 
CATEGORY 
ABSOLUTE 
FREQ 
1 
1 
2 
i 
3 
2 
1 
5 
i 
1 
3 
1 
1 
1 
1 
25 
4 7.560 
51.000 
MALE 
LABEL W3A 
RELATIVE ADJUSTED 
FREQ FREQ 
( PCT) 
4.0 
4.0 
8 .0  
4.0 
1 2.0 
8.0 
4.0 
20.0 
4.0 
4.0 
12 .0  
4.0 
4«0 
4.0 
4.0 
100.0 
(PCT) 
4.0 
4.0 
8.0 
4.0 
12.0  
8 . 0  
4.0 
20.0 
4.0 
4.0 
12.0  
4.0 
4o0 
4.0 
4.0 
100.0 
CUM 
FREQ 
(PCT) 
4.0 
8 .0  
16 a 0 
20.0 
32.0 
40.0 
44.0 
64.0 
68.0 
72.0 
84.0 
88.0 
92. 0 
96.0 
100.0 
STD ERR 2.597 MEDIAN 50.800 
STD DEV 12.987 
VALID CASES 25 MISSING CASES 
161 
FEMALE 
CATEGORY LABEL W3A 
ABSOLUTE 
CODE FREQ 
23. 
26. 
27. 
34. 
35. 
36. 
45. 
46, 
51 . 
52. 
54. 
2 
1 
1 
1 
3 
2 
5 
3 
1 
4 
1 
RELATIVE ADJUSTED 
FREQ FREQ 
(PCT) 
8.0  
4.0 
4.0 
4.0 
12.0 
8.0 
20 .0  
12.0 
4.0 
16.0 
4.0 
(PCT) 
8.0 
4.0 
4.0 
4.0 
12.0 
8.0 
20.0 
12o0 
4.0 
1 6 . 0  
4.0 
CUM 
FREQ 
(PCT) 
8.0 
1 2 . 0  
16.0 
20.0  
32.0 
40.0 
60 .0  
72,0 
76.0 
92.0 
96.0 
TOTAL 
MEAN 
MODE 
25 
41,640 
45.000 
100=0 lOOaO 
STD ERR 1.987 MEDIAN 45.000 
VALID CASES 
STD DEV 9.937 
25 MISSING CASES 
162 
CODE 
20. 
25 .  
2&  ^
CATEGORY LABEL W3B 
RELATIVE ADJUSTED 
ABSOLUTE FRÈQ FREQ 
FREQ (ACT)  (PCT)  
29 .  
35 .  
36 .  
40 .  
42 .  
43  .  
49 .  
50 .  
55 .  
TOTAL 
MEAN 
MODE 
1 
4  
2 
1 
4  
3  
3  
2 
2 
25  
4 .0  
4 .0  
4 .0  
16.0 
8 . 0  
4 .0  
16.0 
12 .0  
12 .0  
8 . 0  
8 . 0  
100.0  
4 .0  
4 .0  
ïTïiOr-
4 .0  
16.0 
8 .0  
4 .0  
16 .0  
12.0 
12.0 
8.0  
3 .0  
100.0 
CUM 
FREQ 
(PCT) 
4,0 
8.0 
rZTCT 
1 6 . 0  
32 .0  
40 .0  
44 .0  
6 0 .  0  
72 .0  
84 .0  
92 .0  
1 0 0 . 0  
40 .200  STO ERR 1 ,732  MEDIAN 41 .875  
35 .000  STO DEV 3 ,910  
VALID CASES 25  MISSING CASES 0 
163 
FEMALE 
CATEGORY LABEL W3B 
RELATIVE ADJUSTED CUM 
ABSOLUTE FREQ FREQ FREQ 
CODE FREQ (PCT) (PCT) iPCT) 
20. 1 4.0 4.0 4.0 
22. 1 4.0 4.0 8.0 
24. 1 4;>0 4.0 12.0 
25. 1 4.0 4.0 16.0 
31. 1 4.0 4.0 20.0 
32. 4 16.0 16.0 36.0 
33. 1 4.0 4.0 40.0 
35. 2 8.0 8.0 48.0 
36. 5 20.0 20.0 68.0 
37. 1 4.0 4.0 72.0 
41. 4 16.0 16.0 88.0 
42. 1 4.0 4.0 32.0 
45o 1 4=0 4,0 96«0 
46. 1 4.0 4eO 100=0 
TOTAL 25 100.0 100.0 
MEAN 34.680 STO ERR 1=349 MEDIAN 35.600 
MODE 36s 000 STO DEv 6.744 
VALID CASES 25 MISSING CASES 
164 
MALE 
CATEGORY LABEL W3C 
ABSOLUTE 
CODE FREQ 
RELATIVE ADJUSTED 
FREQ FREQ 
20. 
23. 
27. 
30  .  
31  .  
33. 
34 .  
35. 
36 .  
40 .  
41  .  
46 .  
47 .  
TOTAL 
1 
1 
2 
5  
1 
1 
1 
1 
5  
4  
1 
1 
1 
25  
(PCT)  
4 .0  
4 .0  
8 . 0  
2 0 . 0  
4 .0  
4=0  
4 .0  
4 .0  
20.0  
16.0 
4 .0  
4 .0  
4 .0  
100 .0  
(PCT )  
4 .0  
4 .0  
8.0 
20.0 
4 .0  
4 .0  
4«0  
4 .0  
2 0 . 0  
16.0 
4 .0  
4 .0  
4 .0  
100.0 
CUM 
FREQ 
(PCT)  
4 .0  
,  8 . 0  
1 6 . 0  
36 .0  
40 .0  
44 .0  
48 .0  
52 .0  
72 .0  
88.0 
92 .0  
96,0 
100 .0 
MEAN 34 .160  STD ERR 1 .311  MEDIAN 35 ,000  
MODE 30 .000  STD OEV 6 .555  
VALID CASES 25 MISSING CASES 
165 
FEMALE 
CATEGORY LABEL v»3C 
RELATIVE ADJUSTED CUM 
ABSOLUTE FREQ FREQ FREQ 
CODE FREQ (PCT) (PCT) (PCT) 
^8. 1 4.0 4.0 4.0 
20 « 1 4.0 4.0 8.0 
22. I 4.0 4.0 12.0 
23. 1 4.0 4.0 16.0 
25. 2 8.0 8.0 24,0 
26. 3 12.0 12=0 36.0 
28. 1 4.0 4.0 40.0 
30* 1 4»0 4.0 44.0 
31* 7 28.0 28.0 72.0 
2 8 .0  8 .0  80.0  
•34. 2 8.0 8.0 88.0 
35. 1 4«0 4.0 92.0 
38. 1 4.0 4.0 96.0 
39. 1 4.0 4.0 100.0 
TOTAL 25 100.0 100.0 
MEAN 29.280 STD ERR 1.059 MEDIAN 30 .714  
MODE 31,000 STD DEV 5,296 
VALID CASES 25 MISSING CASES 0 
